
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at jhttp : //books . qooqle . com/ 










JT^ 



EjLux.T2.ot_ ir.of'^fr 





3 2044 102 874 088 



7^ fyrcw^- 



\ 



SCIENTIFIC DIALOGUES, 

1NTENBED FOR THI 

INSTRUCTION AND ENTERTAINMENT 
or 

YOUNG PEOPLE; 

. w Which thi 
FIRST PRINCIPLES . 

OP 

NATURAL AND EXPERIMENTAL 

PHILOSOPHY 

ARE FULLY EXPLAINED. 
VOL. n. OF ASTRONOMY. 



'* Conversation, with the habit of explaining the meaning of 

* words, and the structure of common domestic implements to 

* children, is the sure and effectual method of preparing the mind 

* lor the acquirement of science." 

Edgeworth's Practical Education. 



By the Rev. J. JOYCE. 

NEW EDITION, CORRECTED AND IMPROVED. 

LONDON: 

yRINTED FOR J. JOHNSON, 
NO. 72, ST. FAULTS CHURCH YARD. 

1809. 



m aigutsi o». 

THGPD0ft£ JEWET.l USi MAN 



rtitSl^yS'. ilamUtoni #i^b^lge. 



CONTENTS 



Vol. ii. 



Conversation Page 

I. Of the Fixed Stars - l 

II. Of the Fixed Stan 12 

III. Of the Fixed Stan, and Ecliptic - 2 1 

IV. OftheEphemeris 83 
V. Of the Solar System *- 48 

VI. Of the Figure of the Earth - 59 

VII. Of the Diurnal Motion of the Earth 7 
VIII. Of Daj and Night - - 83 

IX. Of the Annual Motion of the Earth - 93 

X. Of the Seasons - - 100* 

XI. Of the Seasons 109 

XII. Of the Equation of Time - 124 

XIII. Of Leap Year - - 137 

XIV. Of the Moon - - 144 

XV. Of Eclipses - - 157 

XVI. OftheTidea - - - 168 

XVII. Of the Harvest Moon ,- - 179 



CONTENTS. 

Conversation Pag* 

XVIII. Of Mercury - - - 191 

XIX.. OfVenui - - - i 9 g 

XX. Of Man - - - . 207 

XXI. Of Jupiter - 214 

XXII. Of Saturn 220 

XXIII. Of the HerschelPUnct - - 226 

XXIV. Of Comets . , . 230 

XXV. Of the Sun - l - - 297 

XXVI. Of the Fixed Stan 240 



CONVERSATION I 



OF THE FIXED STARS, 



TUTOR-— CHARI,E$-~JAMES. 

CHARLES. The delay occa- 
sioned by our unusual long walk, 
has afforded us one of the most bril- 
liant views of the heavens that I ever 
saw. 

. James. It is uncommonly clear; 
and the longer I keep my eyes frxecf 
upwards, the more stars seem to ap- 
pear : how is it possible to number 
these stars? and yet I have heard 
that they are numbered, and even 

VX)L, II* B 
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arranged in catalogues according to 
their apparent magnitudes. Pray, 
sir, explain to us how this business 
was pBrformed. 

Tutor. This I will do, with great 
pleasure, some time hence, but at 
present, I must tell you that in view- 
ing the heavens with the naked eye, 
we are very much deceived as to the 
supposed number of stars that are at 
any time visible. It is generally ad- 
mitted, and on good authority too, 
that there are never more th*n one 
thousand stars visible to the sight, un- 
assisted by glasses, at any one time, 
and in one place. 

James. What! can I see no more 
than a thousand stars if I look all 
around the heavens? I should sup- 
pose there were millions. 
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Tutor. This number is certainly 
the limit of what you ca& at present 
behold ; and that which leads you, 
and persons in general, to conjecture 
that the number is so much larger, is 
owing to an optical deception. 

James. Are we frequently liable 
to be deceived by our senses? 

Tutor. We are, if we depend on 
them singly; but where we have an 
opportunity of calling in the assist- 
ance of one sense to the aid of ano- 
ther, we are seldom subject to this 
inconvenience. 

Charles. Do you not know that 
if you place a small marble in the 
palm of the left hand, and then 
cross the second finger of the right 
handover the first, and in that po- 
sition, with your eyes shut, move 
the marble with those parts of the 
b2 
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two fingets at dtrte, which afe not 
accustomed to tome into eott&ct with 
fefty object at the same time, tihat die 
one marble will appear; to the touch 
as two? In this instance, without the 
assistance of our eyes, we should be 
deceived by the sense of feeling. 

Tutor. This is t<> the point, ami 
shows that the judgement formed by 
means of a single sense is not always 
to be depended upon. 

James. I recolledt the experiment 
very well, we had it from papa, * 
great while ago. But that has no- 
thing to do with the false judgement 
which we are said to form about the 
number Of stars. 

Tutor. You are right; it does 
not immediately concern the subject 
before us, but it may be useful as 
affording a lesson of modesty by 
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instructing us that we ought not to 
plose our minds against new evidence 
that may be offered upon any topic, 
notwithstanding the opinions we may 
have already formed* You say, you 
see -millions of stars, whereas the 
ablest astronomers assert, that with 
the naked eye you cannot at one 
time see so many as a thousand. 

Charles. I should indeed have 
thought with my brother, had you 
not asserted the contrary; and I am 
anxious to know how the deception 
happens, for I am sure there must be 
a great deception somewhere, if I do- 
not at this time behold very many 
thousands of stars in the heavens. 

Tutor.* You know that we see 
objects only by means of the ray? 
of light which proceed from them in 

• • . r ^ 



tevery direetibn. And ybu must fbt 
the present, give me dredit when I 
tell you that iihe distance of the fixed 
stars from us is immensely great, 
^consequently the raya of light Iravfe 
to travel this distance, in the course 
b? which, especially in their passage 
through our atmosphere, they arfe 
subject to numberless reflections and 
refradtions. By means of these, 
other rays of light come to the «ye, 
wery one of which, perhaps, im- 
presses upon the mind the idea qf so 
many Separate stars. Hence arises 
that optical fallacy by which we are 
led to believe the stars which we 'be- 
hold are inrmimerafole. 

James. 1 'should lite to see an 
Experiment 'to cflffftrm this. 

Tutor, i hare no objection : in 
every case you ou$ht to require the 
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fyert evidence that the subject will 
admit of: 

To ask or search I blame thee not, for heaven 
Is as the book of God before thee set, 
Wherein to read his wondrous works, and learn 
His seasons, hourp, ot days, or months, or years. 

MlI/BON. 

I will show you *wo experiments 
which m\\ go a good tea*y to T6inove 
the difficulty. But, for this purpose, 
we'tnuat *tep *tfto tte 4iouse. 

Here Sftfc &W> common looking- 
glassefe, which, philosophically speak- 
ing, or&plane tmwws. I place them 
in such a^mannfer'on the table that 
they support one another from falling 
by meeting at the tops. I now 
place this , haif-erofan between them, 
oh a book, to raise Ht a Kttle above 
the'tabte. Tfeil tne bow toany pieces 
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of money you would suppose there 
were, if you did not know that I had 
used but one. 
James. There are several ia the 



Tutor. I will after the position 
of the glasses a little, by making 
them almost parallel to one another; 
now look into them, and say what you 
see* 

James. There are more half- 
crowns now than there were before. 

Tutor. It. is evident, then, that 
by reflection only, a single object, for 
I have made use of t>ut one half- 
crown, will give you the idea of a 
vast number. 

Charles. If a little contrivance 
had been used to conceal the method 
of making the experiment, I should 
not have believed but that there bad 
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been several he&crewns instead of 



Tutor. Bring me your multiply- 
ing glass; look through it at the 
handle: how many do you see? or 
nether bow many candles should you 
suppose there were, did you not 
kfiow that there was but one on the 
table? 

James. A great many, and a pretty 
sight it is, 

Charles. Let me see; yes, there 
are: but I can easily count them; 
there are sixteen. 

Tutor. There will be just as many 
images of the candle, or any ether 
object at which you look, as there 
are different surfaces on your glass. 
For by the principle of refraction, the 
image erf the. candle is seen in as 
numy different {daces as the glass has 
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surfaces; consequently, if instead of 
16 there had been 60, or, if they 
could have been cut and polished so 
small, 600, then the single candle 
would have given you the idea of 60, 
^.600. What think you now about 
the stars? 

James. Since I have seen that 
reflection and refraction will each, 
singly, afford such optical decep- 
tions, I can no longer doubt, but 
that, if both these causes are com- 
bined as you say they are with respect 
to the rays of light coming from the 
fixed stars, a thousand real luminaries 
may have the power of exciting in my 
mind the idea of millions. 

Tutor. I will mention another 
experiment, for which you may be 
prepared against the next clear star- 
light night. Get along narrow tube, 
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the longer and narrower the better, 
provided its weight does not render 
it unmanageable: examine through 
it any one of the largest s fixed stars; 
which are called stars of the Jirst mag- 
nitude, and you will find that though 
the tube takes in as much sky as 
would contain many such stars, yet 
that the single one at which you are 
looking, is scarcely visible, by the few 
rays which come directly from it : this 
is another proof that the brilliancy of 
the heavens is much more owing to 
reflected and refracted light, than to 
l^e direct rays flowing from the stairs. 
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CONVERSATION S. 



Of the Fixed Start. 

CHARLES, Another beautiful 
evening presents itself; shall we take 
the advantage which it offers of 
going on with our astronomical lec- 
tures? 

Tutor. I have no objection, for 
we do not always enjoy such oppor- 
tunities as the brightness of the pre* 
sent evening affords. 

James. I wish very much to know 
how to distinguish the stars, and to 
be able to call them by their proper 
names. 
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Thtor. This you may very soon 
learn; a few evenings, well im- 
proved, will enable yon to distin- 
guish all the stars of the first mag* 
tiiittde which are risible, and all the 
rotative positions of the different eon* 
stellations. 

James. What are constellations, 
sir? 

Tutor. The ancients, that they 
might the better distinguish and de- 
scribe the stars, with regard to their 
situation in the heavens, divided 
them into constellations, that is, sys- 
tems of stars, 3*ch system consisting 
of such stars as were near to each 
other, giving thein the names of such 
men or things, as they fancied the 
space which they occupied in the hea- 
ven* represented, 

VOL. II. ' tf » 
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Chart*; Is it then perfectly arbi- 
trary, that one collection is called the 
great bear, another the dragon; a 
third Hercules, and so on? 

Tutor. It is; and though there, 
have been additions to the number 
of stars in each constellation, and 
various new constellations invented 
"by modern astronomers, yet the ori- 
ginal division of the stars into these 
collections, was one of those few 
arbitrary inventions which has de- 
scended without alteration, other- 
wise than by addition, from the days 
of Ptolemy down to the present 
time. — Do you know how to find 
the four Cardinal points, as they are 
usually called, the North, South, 
West, and East? 

James. O yes, I know that if I 
look at the sun at twelve o'clock, at 
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noon, I am also looking to the south 
where he then is; my back is to- 
wards the north*; the west is on my 
right hand! and the east .on my 
left. 

Tutor. But you must 16am to 
find these points without the assist- 
ance of the sun, if you wish to be a 
young astronomer. 

Charles. I have often heard of 
the north pole star ; that will perhaps 
answer the purpose of the sun, when 
he has left us. 

Tutor. You are right;, do you 
see those seven stars which are in the 
constellation of the Great Bear ; 
some people have supposed their po- 
sition will aptly represent a plough; 
others say, that they are more like a 
waggon and horses ; — the foufr stars 
representing the body of the wag- 
C 2 
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gon, and the other three the horses, 
and henoe they are catted by some 
the plough, and by others they are 
called Charles's wain or waggon* 
Here is a drawing of it; (Plate 1. 
Fig. 1.) a b d g represent the four 
stars, acid e % b the other three. 

Charles. What is the atar p ? 

Tutor. That represents the polar 
star to which you just now alluded; 
and you observe, that if a .tine were 
drawn through the stars b, and *, 
and produced far enough, it would 
nearly' touch it. 

James. Let me ktok in the hea- 
vens for it by this guide. Thereat 
is, I suppose; it shines with a steady, 
and rather dead kind of light, and 
it appears to me, that it would be>a 
tittle to the right of the line passing 
through the stars b and 0. 
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Tutor. It would, and these stars 
are generally known by the name of 
the painters, because they . point to 
p the north pole, which is situated a 
tittle more than two degrees from the 
star p. 

Charles. Is that star always in the 
same part of the heavens ? 

Tutor. It may be considered as 
uniformly maintaining its position, 
while the other stars seem to move 
found it as a centre. We shall have 
occasion to refer to this star again; 
at present, I have directed your at- 
tention to it, as a proper method of 
finding the Cardinal points by star- 

.light. 

James. Yes, I understand now, 
that if* I look to the north, by stand- 
ing with my face to that star, the 
south is at my back, on my. right 
c3 
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hand iathe east, and the west <m my 
left. 

Tutor. This is one iruportaot step 
in our astronomical studies; .'but we 
can .make use of these stars tts a kind 
of standard, in order to discover the 
natms and positions of others in fthe 
heavens. 

Charles. In what way .roust we 
proceed in this buskeas? . 

Tutor. 1 will give you 9a exam- 
pie or two: conceive a fine drawn 
from the star z, leaving b a littie to 
the left, and it will pass through that 
very brilliant star a near the horisou 
towards the west. 

James. I see the star, but how am 
J to know its name? 

Tutor, Look bn the celestial 
globe ibr the stars, and suppose the 
iiae drawn on the globe, as we can- 
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cetved it done in the heavens, and 
you will find the star, and its 
name. 

Charles. Here it is;— its name is 
Arctorus. 

Tutor. Take the figure, (Fig. L) 
and pkoe Arcturus at a, which is ate 
Relative position, in respect to the 
constellation of the Great Bear. 
Now, if yoa conceive a .line jduama 
through *be stars g and 6, aad \ex^- 
tended a good way to the .right, it 
wfll pass ju£ft atbove another .very 
brilliant star. fkamiBe the globe as 
before, and find its nasne. 

Charles. It is Capella, the #0#. 

aT&tar. .Mow, whenever you \see 
any of these stars, you will .know 
where to look for the others without 
hesitation. 
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James. But do they never move 
from their places? 

Tutor. With respect to us r they 
seem to move together with the whole 
heavens. But they always remain 
in the same relative position, with 
respect to each other. Hence, they 
are called fixed stars, in opposition to 
the planets, which, like our earth, 
are continually changing their places, 
both with regard to the fixed stars, 
and to themselves also. 

Charles. I now understand pretty 
well the method of acquiring a know- 
ledge of the names and places of the 
stars. 

Tutor. And with this, we will 
put an end to our present conver- 
sation. 
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CONVERSATION III 



<9f ffte Fired Stars, and Ecliptic. 

\ TUTOR. I dare say that you 
trill have no d&fcujty in finding the 
«orth polar $t$r,a? soon as we go into 
theopeoair* 

- Jflmes. I ehaU fat once kww 
Inhere to look for that a?d the other 
stars which you r poiojted out last 
night, if they have not changed their 
places. 

Tutor. They always keep th* 
same position, with respect to each 
other, though their situation, with 
regard to the heavens, will he dif- 
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ferent at different seasons of the 
year, and in different hours of 
the nighJ. . Let us. got,. into the 
garden. 

Charles. The stars are all in the 
same place as we * left them fyst 
evening. Now, sir, if we conceive 
a* straight line dfawn through the 
two stars in the plough, which, in 
your figure, (Kg. 1.) are marked d 
and g y and to extend a good way 
down, it will pass/ or nearty pass 
through a very bright star, though 
not so bright as Arcturus or Capella, 
what is that called?' 

Tutor. It is a star of the second 
magnitude, and if you refer to the 
celestial globe, in the same way as 
you were instructed last night, you 
will fifid it is called Regulus, or Cor 
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Leonis\ the Lions heart.. By this 
method you may quickly discover the 
names of all the principal stars, and 
afterwards, with a little patience, 
you will easily distinguish the others, 
which are less conspicuous. 

Charles. But they have not all 
names; how are they specified? 
• Tutor. If you look on the globe, 
you will observe, that they are di- 
stinguished by the different letters of 
the Greek alphabet; and in those 
constellations, in which there are 
stars of different apparent magni- 
tudes, the largest is « alpha, the 
next in size beta, the third 
y gamma, the fourth J delta, and 
so on. 

Jamas. , Is there any particular 
reason for this? 
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Tutor. The adoption of the cha- 
racters of the Greek alphabet, rather 
th*A any other, wa$ perfectly arbi- 
trary; it is, however, of greet hn* 
portance, that the sfetde characters 
should be used in general by astrono* 
l&ers of all countries, for by this 
means the science is in possession of 
a sort of universal language. 

Charles. Will you explain how 
this is? 

Tutor. Suppose an astronomer 
in North America, Asia, or any 
other part of the earth, observe a 
comet in that part of the heavens! 
where the constellation of the plough 
is situated, and be wishes to describe 
it to his friend in Great Britain, fet 
order that he may-know, whether it 
was seen by the inhabitants of tfcfc 
island. For this purpose, he has 
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only to eieatioti the time when he 
discovered it; its pteition, as near- 
est to some one of (he stars, tailing 
it by the Greek letter by which it 
is designated % afnd the eburse which 
it took from one star towards an- 
other. Thus be might say, that on 
such a time he saw a comet near i in 
the Great Bear, and that its course 
was directed from * to |3, or any other, 
as it happens. 

Chark*. Then, if has friend here 
had seen a comet at the sam6 time, 
he would, by this means know, 1rhe« 
ther it was. the same or a different 
comet? 

Tutor. Certainly, and hence you 
perceive of what importance ** **> 
that astronomers in different coun- 
tries should agree to fH*rk the same 
stars and systems ®f ***** b J *** 

VOJL. II. D 
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same characters. But to return to 
that star, to which you just called 
my attention, the cor leonis, it is 
not only a remarkable star, but its 
position is also remarkable, it is situ- 
ated in the ecliptic. 

James. What is that, sir? 

Tutor. The ecliptic is an imagi- 
nary great circle in the heavens, 
which the sun appears to describe in 
the course of a year. If you look 
on the celestial globe, you will see it 
marked with a red line, perhaps an 
emblem of the fierce heat commu- 
nicated to us by that body. 

James. But the sun seems to have 
a circular motion in the heavens 
everyday. 

Tutor. It does; and this is called 
its apparent diurnal, or daily motion, 
which is very different from the path 
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it appears to traverse in the course of 
a year. The former is observed by 
the most inattentive spectator, who 
cannot but know, that the sun is 
seen every morning in the East, at 
noon in the South, and in the even- 
ing in the West; but the knowledge 
of the latter must be the result of 
patient observation. 

Charles. And what is the green 
line which crosses it? 

Tutor. It is called the Equators 
this is an imaginary circle belong* 
ihg to the earth, which you must 
take for granted, a little longer, is 
of a globular form. If you can con* 
ceive the plane of the terrestrial equa- 
tor to be produced to the sphere of 
the fixed stars, it would mark out a 
circle in the heavens, called the 
celestial equator or equinoctial, which 
#2 
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woirid cut the ec&ptic in two 
parts. 

James. Can we trace the circle of 
the ecliptic in the heavens ? 

Tutor. It may be done with to- 
lerable accuracy jby two methods; 
first, by observing several remarkable 
fixed stars, to whyh the moon ia its 
course seems to approach- The ser 
ami mefiiod is by observing the 
places of the planets. 

Charles. Is the moon thea always 
in the ecliptic? 

Tutor > Not exaatly so; but it h 
always either in the ecliptic, or with- 
in five degrees and & third of it on one 
side or the other. The {fttnets also, 
by which I mean, Mercury, Venus, 
Mars, Jupiter, Satan, and the 
Herscbel, jare ns*er more than eight 
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degrees distant .from the line of the 

ecliptic. 

- James. How can we trace this 

line, by help of the fixed stars? 

Tutor. By. comparing the stars in 
the heavens, with their representa- 
tives on the artificial globe, a prac- 
tice which may be easily acquired, 
as you have seen. I will mention to 
you the names of those stars, and 
you may first find them on the 
$©be, and then refer to as many of 
them as are now visible in the heavens. 
The first is in the Ranis horn called 
a Arietis, about ten degrees to the 
north of the ecliptic; the second is 
the star Atikbaran in the Bull's eye, 
six degrees south of the .ecliptic. 
» Charles. Then if at any/ time 
I see these two stars, I know that the 
ecliptic runs between them, and 
d3 
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nearer to Aldebaran, than to that Jb 
the Ram's horn. 

Tatar: Yea: now carry .your eye 
eastward *o a distance so»ewbat 
greater from jAidebaraa, than that is 
«ast<ef * Arietis, aad ypn will per- 
ceive two (bright .stars : at ja snoaH &• 
stance fcom one aoothtr foalliedi CW«r 
and iPaUmvi; the lower ooe, And that 
which is least bitHiasnt, is JPblk*, 
«erendegBe»s/on»lte north stdejofotbe 
ecliptic. iFailcrwbg theisdme f trftcfe, 
you will .ooome to Jfagufas, &t *fae 
cor hank, which I iharvie already de- 
served is exadtly m the Jipe of the 
/ecliptic Beyond 4&fe, *®d onkytwo 
degree* south rof ,*hat jme, yen wiH 
find the foeaxrttftiltatar ,m £fo cvirgki's 
hand, /called; S$ ca Fir gink. You 
then jarrire at Avsttire&y of the afiaw- 
paw's faainf, foe /dtegteas ion the same 
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side of flee ecliptic. Afterw v ar^s you 
will fiod * JLquite, which i* situated 
nearly thirty degrees north of the 
ecliptic: and farther on is the star 
Jfamkmt m the fish's mouth, about 
as many degrees SQtlth <rf tfc*t ;lipp. 
^he ninth and il&st of these \stars is 
J*tgm*> » fthe ?w»iqg qf the flying- 
JjtfitiG, wiaich is flortii pf 4be ^lqtfjp 
yearly rUventy degrees. 

<20P3&, U(pga **hat -, peeppnt ^ure 
Ifce^niiie sHirp pfu^ulftrly fioM«4? 

yirfor. TMq *re t^fepte** as $e 
*peftt (co^spiflww star$ iOear &e 
moon's ^bfc,and>firp ,pfln$#ei^ *s 
^TOPplr rste&fls, >fr»p wfcicl* ^>e 
-moats dj4$a»ce f is c&fci$i*pd ( ^r 
rWeryHthf§p b<Hff*oktijne;: lW d heuqe 
are constructed those tables Write 
Nautical Almanac, by means of 
which Navigators, in their most 
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distant voyages, are' enabled to esti- 
mate, on the trackless ocean, the par- 
ticular part of the globe on which they 
ar€. 

Charles. What do you mean by 
the Nautical Almanac ? 

Tutor. It is a kind of National 
Almanac, intended chiefly for the 
use^f persons traversing the mighty 
ocean. It was begun in the yea* 
1767, by Dr Maskelyne the Astro- 
nomer Royal; -and is published, by 
anticipation for several years before- 
hand, for the convenience of ships 
going out upon long voyages. This 
work -has been found eminently im- 
portant in the course of the late voy* 
ages- round the world for making 
discoveries. •> • 
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CONVERSATION IV. 



Qf the Ephemeris. 

CHARGES. Your second me* 
♦bod of tracing the 'ecliptic, 'was by 
meaos of the position of the planets : 
will you explain that now? 

Tuter. I will; and to render you 
perfectly qualified for observing the 
stars, I will devote the present 
conversation to the purpose of ex* 
plaining the use of Whites Epheme- 
ris, a little book which is published 
anhually, and which is 4. necessary 
companion to every young astrono- 
mer. .'*'.. 
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James. Must we understand all 
this to study the stars? 

Tutor. You must; or some other 
book of the same kind, if you would 
proceed on the best and most rational 
plan. Besides, when you know the 
use of this book, which you will 
completely with half an hour's at- 
tention, you have nothing more to 
do in order to find the position of 
the planets at any day of the year, 
than to turn to that day in the 
EphemerU, and you will instantly 
be directed to those parts of the 
heavens in which the different pla- 
nets are situated. Turn to the se- 
cond page. 

1 Charks. Here the astronomical 
characters are explained. 

Tutor. Hie first twelve are the 
representatives of the signs into which 
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the circle of the ecliptic is divided, 
called also the twelve signs of the 
Zodiac. 

<P Aries. it Leo. f Sagittarius. 

« Taurus, ty Virgo. fcf Capricorn. 

n Gemini. A Libra. SS Aquarius. 

28 Cancer. it|, Scorpio. K Pisces. 

Every circle connected with this 
subject is supposed to be divided into 
360 parts, called degrees, and since 
that of the ecliptic is also divided 
into 12 signs, each sign must con- 
tain 30 degrees. Astronomers sub- 
divide each degree into minutes and 
seconds, thus if I would express an 
angle of 25 degrees, 11 minutes and 
45 seconds, I should write 25°. • 
1 V. . 45". Or, if I would express 
the situation of the sun for the first 
of January, 1800, I look into the 
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Bph&tiero arid find if in Capricorn^ 
or W 10°. . $6'. . »8". 

James. What do you mean by the 
Zodiac? 

7fr/0K ft is aft ftndgintfry brdad 
cifcle ofr belt surrounding, the hea- 
vens, about sixteen degrees vide; 
along the middle of which runs the 
ecliptic. The term Zodiac is demed 
froth a Greek wo#d sigwifykig an am- 
mi&j because each of the twelve signs 
forbrierty represented somfc aaufiat? 
that vrhfeh we now call Librae bekig 
by the aacients reckoned & f>tot of 
Scorpio*. 

/rtwe^. W1iy are tht aigas 6f the 
Zodiac called' by the several nafaes 
of Aries, Taur6*> Lao, Sec. I see te 
likeness in the heartens to Bates, .** 
Bulls, tor lions, winch are the* Bo- 
gliah wo#ds for thospa Lptin coca* 
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Tutor. Nor do I; nevertheless, 
the ancients saw, by the help of a 
strong imagination, a similarity be- 
tween those animals, and the plaqes 
which certain systems of stars took 
up in the heavens, and gave them the 
names which have continued to this 
day. 

Charks. Perhaps these were ori- 
ginally invented, in the same way as 
we sometimes figure to our imagina- 
tion, the appearances of men, beasts, 
ships, trees, &c. in the flying clouds 
or in the fire. 

Tutor. They might, possibly have 
no better authority for their origin. 
At any rate it will be useful for you 
to have the names of the twelve 
signs in your memory, as well as the 
order «iii which they stand: I will 
therefore repeat some Hues written 

VOL. II, £ 
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by Dr. Watts, in which they are ex- 
..preased in English, and will be easily 
remembered : 

The Ram, the Bull, the heavenly Twins, 
Ami next the Crab, the Idon shines, 

The Virgin and the Scales; 
The Scorpion, Arckcr, and Sea-Goc*, 
The itfiro that holds the watering pot, 

And Fish with glittering tails. 

Charks. We come now to the 
characters placed before the planets. 
^Putor. These, tike the former, 
are but a kind of short-hand charac- 
ters, which, it is esteemed easier to 
write, than the names of the planets 
at length. They are as follow. 

# TheHerschel. Q The Sun. 

1? Saturn. ? Venus. 

* % Jupiter, § Mercury. 

9 Mara. * The Moot. * 
; e Tkr&rtlu. 
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With the other characters you have 
no need to trouble yourselves, till 
you come to 'calculate eclipses, and 
construct astronomical tables/ * la- 
bour which may toeittfenred for some 
years to come. Tutn to the eighth 
page of the Ephemeris* 

James. Have we no concern with 
the intermediate page* between the 
second and eighth. ' j. 

Tutor. They do not contain any 
thing that requires explanation. Iii 
the eighth page, lifter the common 
almanac for January, the first two 
columns point out the exact time of 
the sun** rising and setting at Loxfc 
don: thus en the I oth day of Ja- 
nuary he rises at 5$ : tomutes after 
7 iq the morning, and'<sets at 2 mi- 
nutes past 4 in tfee'dfternodn. The 
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third column gives the declination of 
the sun. 

James* What is that, sir? 

Tutor. The declination of the 
Sun, or of any heavenly body, is its 
distance from' the imaginary circle 
in the heavens, called the equinoctial. 
Thus you observe that the sun's de- 
clination on the first of January is 
23°. . 4' south; or, it is so roa&y de- 
grees south of the imaginary eqmtor. 
Turn to March 1803, and you will 
see that between the 20th and £ 1st 
days it is in the equator, for at 12 
o'clock at noon on the 20th it is. only 
25' south > and at the same hour on the 
Slst.it is 1' north of that line : and 
when it is in the equator, then jt has 
no declination \ ' : ,. 

> ., CkaHes. Do astronomers always 
reckon from IS o'clock at noon? 
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. Titian. *< They do: ahd hence the 
astronomical day begins* 1&» hour* 
later i than, the day accondingtor com- 
mon reckoning: and therefore: the 
declination, tongittlcjey latittde^ Ac* 
of the sun, moon, and planets, are 
always put down for 12 o'clock a* 
aoon-of the day to which they arar 
opposite. Thus the sen's declination 
for the 16th of January at 12 o'clbfcli 
is 20°. . 5& south. * ':••-. 

Ckarks. Is thafcltecaijse it ii the 
commencement *>f ttee <aatrtttiomlc&4 
day, thoughin cmnmdnilifditbeMi^ 
ed isVidotfk?. • .^ -..-. ■./:•■! 

-TVor; It*. The three next 
columns cofit&lh thfe ffioeri's dficlm^ 
tioft, the time of her rising and set- 
ting,, and the time of her southing, 
or when she copies to the meridian 
or south part of the heavens, ■ : 

E 3 
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Charks. Does she not come to 
the south at noon as well as the son? 

Tutor. No; the moon neve* 
comes to the meridian at the same 
time as the sun, but at the time of 
nav moon. And this circumstance 
takes place at every new moon, as 
you may see by. casting your eye 
down the several columns in the 
Ephetneris which relate to the moon's 
southing. . . 

The glory, the changes, and the 
teeftfio.of the j»pQn, are beautifully 
described i# the following lines : 

By thy command the Moon, as day-light fades, 
Ljftsber broad circle in the deepening shades; 
Array'd in glory, and enthron'd in light, 
She breads the solemn terrors of the night; ■ 
Sweetly inconstant in her varying flame, 
She changes stilr, another, yet the same ! * 
Now in decrease, -by slow degrees she shrouds 
Herfadinglustteina veiLof clouds;.' . 
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Now ef increase, her gathering beams display 
A blaze of light, and give a paler day; 
Ten thousand stars adorn her glittering train, 
Fall when she falls, and rise with her again; 
And o'er the deserts of the sky unfold 
Their burning spangles of sidereal gold : 
Through the wide heav'ns she moves serenely 

Queen of the gay attendants of the night ; 
Orb above orb in sweet confusion lies, 
And with a bright disorder paints the sides. 

Broome. 

James. What do you say of the 7th 
column ; — th& clock before the sun ? 

Tutor. » A full explanation of that 
must be deferred till we come to 
speak of the equation of time; at 
present it will be sufficient for you 
to know that if you are in possession 
of a| very accurate and well regu- 
lated clock, and also of an excellent 
$uordial r tbey will tie together, only 
four days in a yfcair; now this '7ft 
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coliitntv-fy the Ephemeris pdtots Out 
how mb'cti tbfetlockis before the sun; 
or the sun before the clock for every 
day in the year. On twelfth-day, t }8Q9i 
for instance^ the clock is faster : than 
tito sua by <$ minutes and t2 teoonda : 
but if you turn to May-day ytou will 
find that the clock is 3'. . 4* slower 
than the sun. 

. Jmmf. What are the four days in 
the year when the.clock and dial are 
tGgethferP 

Tutor. . About th6 lith of April; 
the Itfthof Juote; the fir6t of Septem- 
ber; and Christmas-day. 
. Charks. By this table then we 
may regulate our clofckfcand watches. 
. James, Jn wfaat manner? 

Ghat fas* Examine on any part** 
culdirday the doak or Sratcb, ahd dial 
ait rtbeistkn^' time; shy.lS VclgkA> and 
observe* wtorth?* the.;diffepeate foe* 
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tween them answer to the difference 
set down in the table, opposite to the 
day of observation. Thus on the 12th 
of March, 1809, the elect will not 
show true time unless it be id. . 3'' 
before the dial, or when the dial is 
12 o'clock it must be ltf, . 3" past 13 
by the clock or watch* 

Tutor. Well, let us proceed to the 
next page. The first three short co- 
lumns, relating only to t^e duration 
of delight and twilight* require no 
explan^tioa: the fourth we shall pas* 
over for the present; and the remain- 
ing fiyfrgiye the latitude of the planets. 

James. What do you mean by the 
latitude, sir? 

Tutor. The latitude of any hea- 
venly Jxidy is its distance from the 
ecliptic north or south. The latitude 
of Venus, oft oew-year's day, 1803, is 
4° north. 
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Charles. Then the totitude of 
heavehly bodies, haslhe sartie refer- 
ence t& the tcliptie, that diclinntiah 
has to the equator? 

2T«ter. ' It has. 

/#;*€£. Bot I do not see any table 
tof the $un 9 s latitude. 

Tutor. I date sfty your brother 
fctthgive *jW% ih*afeon for this. ' » 

Ok&tks: &nce the latitude of a 
heavenly fcbdy is its distaiice ftorh 
«fe^ edJpfio^ttnd since thfe sun is al* 
*ays in ttie ecliptic, therefotfe he cad 
have po latitude. ' 

fWtfv The lungitudt of the sun 
arid /plaints is the only tiling frt this' 
page that remains to be explained* 
The iowgilade of fe heatenly body is 
its dwtefcee from the first point of the 
sign^Arie», and ft is measured on the 
eeliptfcl tit j*; usual, howewr, as 
you observe in the Ephemera* tfrex* 
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press the longitude of a heavenly 
body by the degree of the sign in 
which it is. In this way the sun's 
longitude on the first of January, 
1809, is in Capricorn 10°. . 45' . . 14" ; 
that of the moon in Cancer, 6°. . 4' $ 
that of Jupiter is in Pisces, 13°. . 35'. 

Charles. There are some short 
columns at the bottom of the former 
page that you have omitted. 

Tutor. The use of these will be 
better understood when we come to 
converse respecting the planets*. 

* For tta explanation of Heliocentric Lon- 
gitude , see Conversation XX. 



J./r. 
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CONVERSATION V. 



Of the Solar System. 

TUTOR. We f will now proceed 
to the description of the Solar 
System. 

James. Of what does that consist, 
sir? 

Tutor. It consists of the sun, and 
planets, with their satellites or moons. 
It is called the Solar System, from 
Sol the sun, because the sun is sup- 
posed to be fixed in the centre, 
while the planets, and our earth 
among them, revolve round him at 
different distances/ 
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Charles. But are there not some 
people who believe that the sun goes 
rotmd the earth? 

Tutor. Yes, it is an opinion em- 
braced by the generality of persons, 
not accustomed to reason on these 
subjects. It was adopted by Pto- 
lemy, who supposed the earth per- 
fectly at rest, , and the sun, planets, 
and fixed stars to revolve about it 
every twenty-four hours. 

James. And is not that the most 
natural supposition? 

Tutor, If the sun and stars were 
small bodies in comparison of the 
earth, and were situated at no very 
great distance from it, then the 
system maintained by Ptolemy and 
his followers might appear the most 
probable* .:. , 

VOL. II. F 
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Jam*. Are the sun and stars my 
large bodies then?, 

Tutor. The sun is more than a 
million of times larger than the earth 
which we inhabit, and many of the 
fixed stars are probably much larger 
than he is. 

Chirks. Whatis the reason, then, 
that they appear so auaall? 

Tutor. This appearance is caused 
by the immense distance there is be- 
tween us and these bodies. It is 
known with certainty, that the «m 
is more than $5 millions of miles 
distant from the earth, and the 
nearest fixed star is probably more 
than two hundred thousand times 
farther from us than even the sun 
himself*. 

* The young reader will, when he is abl*. 
to manage the subject, see thi*:cl«ariy ik* 
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Ck&tiek. Bin we ckn feltt * no 
conception of ssch distance. •.'.•.: 
t Tutor. Wo tvlk of miHio^with 
as much ease a* of ftundredi w tens, 
but it is not, perhaps, possible for the 
mind to form any adequate concept ' 
tious of such high' numbers. 'Se- 
veral methods have beeh adopted «e 
assist the mifid to cottiprehendiog 
the vastness of these distanced <Y«i 
have some idea of the swiftness ^i*fc 
which 4 canno*Fb*tt proceeds ite* 
Ifeemouth Af thegim? * 

James. I have fceaivl attfie rat* 
of eight ittiies in. a toitiute. : <om 

Tutor. And you know how flittfty 
mhiutes tberfe at* in it year? > 

" » ' * » • • * ■ * • i ii * . . . ' \ 

monstratei by a scries bt propositions in Hie 
5th took of ttt.EWSeld's lrntitut^ of N^nrkl 
VfcHtoJophy. 8*ohd 'R«*fon. • «©e p. S4f6 isb 
the end of J>ook V. ■•* s - •» ■ .' . .- ; 

F 2 
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James, I cap easily find that out, 
by multiplying 365 days by 24 for 
the Dumber of hours, and that pro* 
duct by 60, and I shall have the num- 
ber t>f minutes in a year, which num- 
ber is 5<i5,600. 

Tutor. Now if you divide the 
.distance of the sun from the earth 
by the number of minutes in a year 
multiplied by 8, because the can- 
0QO-baU tray els at (lie : rate of 8 
miles in one minute, and you will 
know how long any body issuing from 
the sun, with the velocity of a Can- 
non-ball, would employ in reaching 
the earth. 

Charles. If I divide 95,000,000 
by 525,600, multiplied by 8 or 
4,204,800, the answer will be more 
than 22, the number of years taken 
for the journey. 
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"Tfefor.-Is it fchfea probable that 
bodies so'iirgd, and fat auch distance* 
from the 1 earth, sfeduld TOVQlvtewfOimd 
it- every' day? *' . .1 ^"i 

« Charles. I do not think.it is.^h 
Will y<m\ sir, go on with the dtew 
scription of the £Mar JSkpstetoi? < > 

Tvt&* According to thfe systdm, 
the sun is in . the centre, aboilt 
which the planets uerolvfc.from west 
to east , according to the order . of 
the signs in the ecliptic; that is, if 
a planet is seen in Aries, it advances 
to Taurus, then to Gemini, «nd # 
soon. 

James. How inatiy planets are 
there belonging to the sun? 

Tutor. There ,are seven, besides 

some smaller bodies of the same kind 

discovered within these nitre years. 

C (Plate U Fig. 8.) represents the sun, 

F3 
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the nearest to which Mercury revolves 
in the circles; next to him is the 
beautiful planet Venus, who pei> 
forms her revolution in the circle b; 
then comes the Earth fat; next to 
which is Mars in e; then Jupiter iti 
the circle/; afterwards Saturn in g; 
and far beyond him the Hcrschel 
planet performs his revolution in the 
circle h. Do you recollect the lines 
in Thomson's Summer? 



-and thou, OSun; 



Soul of surrounding worlds! in whom best seen 
'Shines out thy Maker ! may I sing of thee} 

'Tis by thy secret, strong attractive force, 
As with a chain indissoluble bound, 
Thy system rolls entire: from the far bourne 
Of utmost Herschel, wheeling wide his round 
Of fourscore years ; to Mercury, whose disk 
Can scarce be caiigh* by philosophic eye, 
Lost in the near effulgence of thy blaze* 

Charles. You have substituted 



OF THE SOLAR SYSTEM. &£ 

the words Herschel, and fourscore, 
for Saturn and thirty. These lines 
are descriptive of the figure. 

James, For what are the smaller 
. circles which are attached to Several 
of the largo- ones intended? 

Tutor. They are intended to repre- 
sent the orbits of the several satellites 
or moons belonging to some of the 
planets. 

Jamcs. What do you titean by the 
word orbit? 

Tutor. The path described by a 
planet in its course round the sun, or 
by a moon round its primary planet, 
is called its orbit. Look to the orbit 
of the earth in t (Fig. 2.) and you will 
see a little circle which represents 
the orbit in which our moon per- 
forms its monthly journey. 

Charles. Has neither Mercury nor 
Venus any moon? 
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Tutor. None have ever been dis- 
covered belonging either to Mercury, 
Venus, or Mars. Jupiter, as you ob- 
aetftar;by the figure, has four moons : 
Sato**! has* aeven: and the Herschel 
(which also goes by the name of the 
Geqisgioiri Sidus) has six; these for 
wtrot of rbom are not drawn in the 
plMe* 

Charles. The Solar System thefn 
eonsists of the sun as a centre, round 
which revolve seven planets, and 
eighteen, satellites or moons. Are 
there no «dther bodies belonging to it? 

Ttoon Yes, as I just observed, 
four other planetary bodies have been 
very lately discovered as belonging to 
the solar, systeta. These are very 
small, and named from the gentlemen 
who discovered them, who were 
Messrs. Piafczi^ Olbers, and Hajndihg. 
They are also called the Ceres JFfenft* 
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nandedf F alius, Juno, and Vesta. 
There are comets also which make 
their appearance occasionally ; and it 
would be wrong positively to affirm, 
that there can be no qther planets be- 
longing to the Solar System; since, 
besides the four bodies just mentioned, 
it is only within these thirty years that 
the seventh or the Herschel has been 
known to exist as a planet connected 
with this system. 

. Charks, Who first adopted the 
system of the world winch you have 
been describing? 

Tutor. It was conceived and 
taught by Pythagoras to .his disciples, 
^500 years before the time of Christ. 
But it seeips soon to have been dis- 
regarded, or perhaps totally rejected, 
till about 300 years ago, When it was 
revived by Copernicus, and is at 
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length generally adopted by men of 
science : 

Th{ sun revolving on hie axis turns, 
And with creative fire intensely burns ; 
Impell'd the forcive air, our earth supreme 
Rolls with the planets round the solar gleam : 
Frrst Mercury completes his transient year, 
Glowing refulgent, with reflected glare; 
Bright Venus occupies a wider way; 
The early harbinger of night and day; 
More distant still our globe terraqueous turns, 
Nor chills intense, nor fiercely heated burns. 
Around her rolls the lunar orb of light, 
Trailing her silver glories through the night : 
Beyond our globe the sanguine Mars displays 
A strong reflection of primeval rays; 
Next belted Jupiter far distant gleams, 
Scarcely enlighten'd with the solar beams ; . 
With four unfix'd receptacles of light 
He tow*rs Majestic thro' the spacious height; 
Btit farther yet the tardy Saturn lags, 
And seven attendant luminaries drags; 
Investing with a double ring his pace, 
He circles through immensity of space* 

Chattbrtov. , 



OF THE FIGURE OF THE EARTH. 59 



CONVERSATION VI. 

Of the Figure of the Earth. 

TUTOB. Having, in our last con* 
vcrsation, given you a description of 
the Solar System in general, we will 
qow proceed to consider each of its 
parts separately: and since we are 
most of all concerned with the earth, 
we will begin with that body. 

James. You promised to give u# 
some reasons why this earth must be 
in the form of a globe and not a mere 
extended plane, as it appears to com* 
man observation. 

Tutor. Suppose you were stand- 
ing by the sea-shore, 09 a level with 
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the water, and at a very considerable 
distance, as far as the eye can reach, 
you observe a ship approaching, what 
ought to be^the appearance, supposing 
the surface of the sea to be a flat 
plane? 

Charles. We should, I think, see 
the whole ship at once, that is, the 
hull would be visible as soon as the 
top-mast 

Tutor. It certainly must, or indeed 
rather sooner/ because the body of 
the vessel being so much larger than 
a slender mast, it must necessarily be 
visible at a greater distance. 

Jame& Yes, I can see the steeple 
of a church at a much greater di- 
stance than I can^ discern the iron 
conductor which is upon it, and that 
I can perfectly see long before "the •* 
little piece of gold wire, which is-firt&A 
at its exremity, is visible. 
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Tutor. Well, but the top-mast of 
a vessel at sea is always in view some 
little time before the hull of the ves- 
sel can be discerned. Now, if the 
surface of the sea be globular, this 
ought to be the appearance, because 
the protuberance or swelling of the 
water between the vessel, and the 
eye cf the spectator, will hide the 
body of the ship some time after the 
pendant is seen above. 

Charles. In the same way as if a 
high building, a church for instance, 
were situated on one side of a hill, 
and I was walking up on the opposite 
side, the steeple would come first in 
sight, and as I advanced towards the 
summit, the other 'parts #ould 'come 
successively in view. 

Tutor.. y<jLUj? ^Ujust^tion is quite 
to the puj^ft^::nic)vU^i wme way two 

VOL. II. Q 
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persona, walking op a hill on the op- 
posite sides, will perceive each ether's 
heads first; and as they advance to 
the top, the other parts of their bo- 
dies will become visible. With re- 
spect to the ship, the following figure 
will convey the idea very completely, 
(Plate 1. Fig. 3.) Suppose c a b re- 
present a small part of the curved 
surface of the sea; if a spectator 
stand atB, while a ship is at c, only 
a small part of the mast is visible to 
him, but as it advances, more of the 
ship is seen, till it arrive at i, when 
the whole will be in sight: 

Behold* when jtbfe glad rfiipsljoats from the post 
Upon, full sail, the bulk fu&t di*appe;*rs, . 
And then the lower, then the higher sails ; 
At length the summit of the towering mast 
Aloae is seen: tor lfcss, whetffrom the- ship 
4fa longing taitoA «yt> in hhQ*&4k<**l * 
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For tbtBf from J&etop*mast» the' more rem< 
Tkajx either deck, the shore is first beheld 

Lofft's Eudosia. 

Charles. When I stood by the sea* 
*kte the water did mt appear to me 
to bfe curved. 

7Wdt. Perhaps not; but its eon* 
vexity may be discovered upon any 
itfll water; t& upon a river, which 
fo attended a mile or two in length, 
for you might dee a very small boat 
at that distance while standing up* 
right; if then you stoop down so a* 
to bring your eye near the water, 
yon will find the surface of it rising 
in such a manner as to cover the 
boat, and intercept its view com- 
pletely. " Anothd* proof of th6 glo- 
bular figure of the earth is, that it 
is necessary far those who are em- 
ployed in cutting canals, to make a 
g2 
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certain allowance for the convexity; 
since the true level is not a straight 
line, but a curve which falls below it 
eight inches ia every mite. 

Charks. I have heard of people 
sailing round the world, which is 
another proof, I imagine* of the glo- 
bular figure of the earth. 

Tutor. It is a well known fact that 
navigators have set out from a parti- 
cular port, and by steering their course 
continually westward, have at length 
arrived at the same place from whence 
they iirst departed. Now had the 
earth been an extended plane, the 
longer they had travelled, the farther 
must they have been from home. 

Charles. How is it known that 
they continued the same course? 
might they not have been drivea 
found at open sea ? 
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Tutor. BjTm&QS of the nwrkitfr 
eon peas, the history* 'properties, and 
H6e* e£ which, I wiU explain very 
partic&lpriy in a future pari trf our 
lebtaWj'ihe imethod of sfeiliikg ou the 
oceim by ojte certain tract, is.es sure 
as travelling on the high Loudon road 
from the tx#tvopob*to York. By this 
method, Ferdinand Magellan sailed 
'hi' tfee yeaf 151$ from the western 
£Oa$t of Spain, and Continued his 
yoyagfc in a westward course till he ar- 
riye4 after J 124 days in the same port 
from whence he set out. The same 
with respect to Great Britain, was 
done by atir own countrymen Sir 
Francis Drake, L6rd Anson, Captain 
Cook, and mpny others. 

Charks, , Is then the common ter- 
restrial globe a just representation of 
the eartk? 

63 
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Tutor. It is with this small dif- 
ference*, that the artificial globe is & 
a perfect sphere, whereas the earth is 
a spheroid, that is, in the shape bf an 
orange, the diameter from pole to pole, 
being about 37 miles shorter than 
that at the tquator. 

James. What are the poles, sir? 

* What the earth loses of its sphericity, by 
mountains and vallies, is very inconsiderable: 
the highest mountain, bearing so tittle propor- 
tion to its bulk, as scarcely to be equivalent 
to the minutest protuberance on the surface 
of an orange : 

These inequalities to us seem great ; 
But to an eye that comprehends the whole, 
The tumour, which to us so monstrous seems, 
Is as a grain of sparkling sand that clings 
To the smooth surface of a sphere of glass; 
Or as a fly upon the convex dome , 

Of a sublime, stupendous edifice. 

Low. 
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v Ttopr. In the artificial globe 
(4?late- 1. Fig. 4.) there is an axis n s 
about which it turns; iiow the two 
extremities* w ends of this axis n and 
s are called the poles. 

The globe terrestrial, with its slanting poles, 
And all its ponderous load, unwearied rolls. 

Blackmor£. 

*Charks. Is there any axis belong- 
ing to the earth? 

Tutor. No; but, as we shall 
to-morrow show, the earth turns 
round once in every 24 hours, so 
astronomers imagine an . axif upon 
which it revolves as upon a centre, 
the extremities of which imaginary 
axis are the poles of the: earth, of 
these n. th$ north pole points at all 
times exactly t©^ 5 (Fig*; l«) the north 
|K)le of the heavens which ws.baye 
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already described, andiddiich is, as 
you recollect, within two degrees of 
the polar star. .»...'' 

James. And how do you define the 
equator? 

Tutor. The equator a b (Fig. 4.) 
is the circumference of an imaginary 
circle passing through the centre of 
the earth, perpendicular to the axis 
N s, and fat equal distances" from the 
poles. ..' l 

Charies. And I thiak you told us, 
that if we conceived this circle ex* 
tended every way to the fixed stars if 
would form the ctltsti&J equator . 

Tuttr. I did; it is also called the 
equinoctial and you must not forget, 
that in this case it would cut the ck*» 
tie of the tdtytto q »iii «v^ joints. 
'Jumet; Why is ti$ tftAgta* marked 
«rthe> terfwtrial globe, sirte it » 1* 
fsirele peculiar to the heavens? 
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Tutor. Though the ecliptic be pe- 
culiar to the heavens, and the equator 
to the earth, yet they are both drawn 
on the terrestrial and celestial globes, 
in order, among other things, to show 
the position which these imaginary 
circles, have to one another. 

I shall now conclude our present 
conversation, with observing, that be- 
sides the proofe adduced for the glo- 
bular form of the earth, there are 
others equally conclusive, which will 
fee better understood a few days hence. 
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CONVERSATION VIL % 



Of the diurnal Motion'ofthe Earth. 

TUTOB. Well, gqitlemen, are you 
satisfied that the earth on which ym 
tread is a globular body and not a 
mere. extended plane? 

Charles. Adooitting the facts whicl> 
you mentioned yesterday, viz, that 
the top-mast of a ship at sea is always 
visible before the body of the vessel 
comes into sight; — that navigators . 
have repeatedly, by keeping the same 
direction, sailed round the world; — 
and that persons employed in digging 
canals, can only execute their work 
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with effect, by allowing for the sup- 
posed globular shape of the earth, it 
is evident the earth cannot be a mere 
.extended plane. 

James. But all these facta can be 
accounted for, upon the supposition 
that the earth is a globe, and there- 
fore you conclude it is a globe:* this 
was, I believe, the nature of the 
proof? 

Tutor. It was; let us now ad- 
vance one step farther, and show you 
that this globe turns on an imaginary 
axis every twenty-four hours; and 
thereby causes the succession of day 
and night: 

And earth self-balanc'd on her centre hung. 

Par. Lost. 

James. % (shall wonder if you are 
able ty ; afford, such satisfactory «^| 
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dence of the daily motion of the 
earth, as of its globular form. 

Tutor. I trust, nevertheless, that 
the arguments on this subject will 
be sufficiently convincing, and that 
before we part you will admit, that 
the apparent motion of the sun aad 
stars is occasioned by the diurtoai mo- 
tion of the earth. 

Charles. I shall be glad to bear 
•bow this can be proved ; for if, in the 
morning, I look at the sun when 
rising, it appears in the east, at noon 
it has travelled to the south, and jki 
the evening I see it set in the western 
part of the heavens. 

James. Yes, and we observed the 

same last night (March the first) 

with respect to Arcturas>fov about 

eight o'clock it had just risen in {lie 

Iterth-^est part of tfte heavens, and 
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when we went to bed two hours after, 
it had ascended a good height in the 
heaven*, evidently travelling towards 
the west 

Tutor. It cannot be denied that the 
heavenly bodies appear to rise in the 
east and set in the west ; but the ap- 
pearance will be the same to us, whe- 
ther those bodies revolve about the 
earth while that stands still, or they 
stand still while the earth: turns on its 
axis the contrary way. . 

Charles. Witt you explain this; 
Sir? 

Tutor. Suppose g r c b (PJateir. 
Fig* 5.) to represent the earth, t 
the centre on which it turns from 
west to east, according to the order 
of the letters grcr. If a spectator 
on the surface of the earthrat R,see 
a star at h, it will appear to him to 

VOL. II. H 
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tmv* just risen; if toow the earth be 
supposed to turn on its axis a fourth 
part of a revolution, the spectator will 
be carried from r to c, and the star 
will be just offer \m bead; when an* 
alter fourth part of the revolution is 
completed, the spectator will be at b> 
and to him the star at a will he set* 
ting, *ad will not be visible again till 
he arrive, by the rotation of the earth, 
aft the station ft. 

Charles. To the spectator, then, 
4t ft the appearance would be the 
same whether he turned with the earth 
into the situation b, or the star at h 
had described, in a contrary direction, 
the space azo in the same time. 
Tutor. It certainly would. < 
Jamq< But if the earth really turn- 
ed on its axis, should we not perceive 
tte motion? 
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Tttfor. The earth in its diurnal 
rotation being subject to no inopedi* 
nients by resisting obstides, its mo* 
taoh cannot affect the reuse** III 
the same way ships on a smooth sea 
are frequently turned entirely round 
by the tide, without the knowledge 
of those persons who happen to be 
busy in the cabin or between the 
decks. 

, Charles. That is, because they 
pay no attention to any other object 
bat the vessel in which they are*, 
Every part of the ship movfs with 
themselves. 

James. But if while the ship is 
turning, without their knowledge, 
they happen to be looking at filed 
distant objects, what will bfc the ap* 
pearance? 

h2 
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Tutor. To them, the objects 
which are at rest will appear to be 
turning round the contrary way/ In 
the same manner we are deceived in 
the motion of the earth round its 
axis; for if we attend to nothing 
but what is connected with the earth, 
we k cannot perceive a motion of 
which we partake ourselves, and if 
we fix our eyes on the heavenly bo* 
dies, the motion of the earth being 
so -easy, they will appear to be turn- 
ing in a direction contrary to the real 
motion of the earth. 

Charles. I have some times seen 
a sky-lark hovering and singing over 
a particular field for several minutes 
together; now if the earth is conti- 
nually in motion while the bird re- 
mains in the same part of the. air, 
why do we not see the field, over 
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which he first ascended, pass from 
under him? 

Tutor. Because the atmosphere, 
in which the lark is suspended, js 
con&ected with the earth, partakes 
of its motion, and carries the lark 
along with it; and therefore, inde- 
pendently of the motion given to 
the bird by the exertion of its wings, 
it has another in common with the 
earth, yourself, and all things on it, 
and being common to us all, we have 
no methods of ascertaining the fact by 
means of the senses. The rotation 
of -the earth on, its axis, the smooth- 
ness of its motion, #nd its effect on 
the atmosphere, are described by Mil- 
ton in three Jines; 

> ■ T hat spinning sleeps 



,©n her soft axle as Bhe paces even, 
And bfeft wswfft with ,tLe smooth air along. , 
H 3 
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James. Though the motion of a" 
ship cannot be observed without ob- 
jects at rest to compare with it, yet 
I cannot help thinking that if the 
earth moved, we should be able to 
discover it by means of the stars if 
they are fixed. 

Tutor. Do you not remember once 
sailing very swiftly on the river, when 
you told me that you thought all the 
trees, houses, &c. on its banks were in 
motion? 

James. I now recollect it well, and 
I had some difficulty in persuading 
myself that it was not so. 

Charles. This brings to my mind 
a still stronger deception of this sort: 
when travelling with great, speed in 
a post-chaise, I suddenly waked from 
a sleep in a smooth but narrow ioad, 
•and I could scarcely help tfcfckihg, 
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fqr several minutes, but that the trees 
and hedges were running away from 
us, and not we from them. 

Tutor. I will mention another 
curious instance of this kind; if you 
ever happen to travel pretty swiftly 
in a carriage by the side of a field 
ploughed into long narrow ridges, 
and perpendicular to the road, you 
will think that all the ridges are turn- 
ing round in a direction contrary to 
that of the carriage. These facts 
may satisfy you that the appearances 
will be precisely the same to us, whe- 
ther the earth turn on its axis from 
west to east, or the sun and stars 
move from east to west. 

James. They vyill : but which is the 
more natural conclusion? 

Tutor. This you shall determine 
for yourself. ' ;If the < earth (Iig. 4.) 
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tare* ob its axis in 24 hours, at what 
rate will any part of the equator a * 
move ? 

Charles. To determine this we 
must find the measure of its circum- 
ference, and then dividing this by 24> 
we shall get the number of miles 
passed through in an hoar; 

Tutor. Just so : now call the semi- 
diameter of the earth 4000 mile*, 
which is rather more than the true 
measure. 

James* Multiplying this by six* 
will give 24,000 miles for the cir- 

* If (the . reader would be accurate in his 
calculations, he must take the mean radius of 
the earth at 3965 miles, and this multiplied by 
8,48318 will give 24,912 miles for the circum- 
ference. Through the remainder of this work, 
the decimals m multiplication are omitted, in 
o^ertliit tab mind jaay not be burdened whh 
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cumference of the earth at the equa- 
tor, and this divided by 24, gives 
1000 miles for the space passed 
through in an hour. 

Tutor. You are right. The sun, 
I have already told you, is 95 mil- 
lions of miles distant from the earth; 
tell me therefore, Charles, at what 
rate that body must travel to go 
round the earth in 24 hours? 

Charles. I will ; 95 millions mul- 
tiplied by six will give 570 millions of 
miles for the length of his circuit, this 
divided by 24 gives nearly 34 millions 
of miles for the space he must travel 

odd numbers. It seemed necessary, however, 
in this place to give the true semi-diameter of 
the earth, and the number (accurate to five 
places of decimals), by which if the radius of 
any circle be multiplied, the circumference u 
obtained. 
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ja an, hour, to gp roiitid the earth in a 
day. 

Jitffon, Which noiw. is the more 
probable conclusion, either that the 
earth shtiulc) have a diurnal motion on 
its axis of J 000 miles in an hour, or 
that the -swn, which is a million of 
times larger than the earth, should 
travel 2& millions of miles in the same 
time? 

r James, It is certainly more rational 
to conclude that the earth turns on its 
axis, the effect of which you told us 
was the alternate succession of day 
and Bight 

Tutor. I did; and on this and 
«ome other topics we will enlarge to* 
Wrrow. 
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CONVERSATION VIII. 



Of Day and Night. 

JAMES. You are now, Sir, to 
apply the rotation of the earth about 
its axis to the succession of day and 
night. 

Tutqr. I will; and for tins pur- 
pose, suppose grcb (Plate u. 
Fig. £.) to be the earth, revolving 
on its axis, according to the order 
of thq letters, that is, from Gtoa, 
r to c, &c. if the sun be fixed in 
the; heavens at z, and a line h o be 
drawn through the centre of the 
earth t, it will represent that cir- 
cle, which when extended to the 
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heavens is called the rational ho- 
rizon. 

Charles. In what does this differ 
from the sensible horizon? 

Tutor. The sensible horizon is 
that circle in the heavens which 
bounds the spectator's view, and 
which is greater or less, according 
as he stands higher or lower. For 
example ; an eye placed at jive feet 
above the surface of the earth or sea, 
sees 2§ miles every way: but if it 
be at 20 feet high, that is 4 times the 
height, it will see 5\ miles, or twice 
the distance*. 

Charles. Then the sensible differs 
from the rational horizon in this, 
that the former is seen from the sur- 
face of the earth, and the latter -is 

* See Dr. Ashworth's Trigonometry, Prop, 
31. 2d Edition, 1803. 
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supposed to be viewed from its 
centre. 

Tutor. You are right; and the 
rising and setting of the sun and stars 
are always referred to the rational 
horizon. * 

Jams. Why so? they appear to 
rise and set as soon as they get above, 
or sink below that boundary which 
separates' the visible from the invisible 
part of the heavens. 

Tutor. ' They do not, howevef* : 
and the reason is this, that the di- 
stance of the sun and fixed stars is 
so great in comparison of 4000 
miles (the difference between the 
surface and centre of the earth), 
that it can scarcely be taken into 
account. 

Charles. But 4000 miles seem to 
me an immense space. 

VOL. II. i 
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TntW* QwWtarecfc $ep«rtfdy, thfgF 
are so, but when compared with 95 
Wpcp^of caites, $e di^tanc^ of the 
^p, frqw* tfre earth* ttey *lmqst vanish 
a# noting. 

James. But do the rising and set- 
ting af the moon, whitfus at the .di- 
stance of §140 tho^and miles only, 
respect also the ratippai horizQD? 

Tutqr. Certainly; for 40Q0 <wa* 
pared with 240 thousand, be*r tyaly 
the prQportiw of l to 60- . Now if 
two spaces were waded qui on the 
earth in different direction^ the one 
60 and the other <?1 yard% should 
you ^t QUQe be able tQ distinguish tb$ 
greater from the less? 

Charles. I think not. 

Tkfor. Just in the same manoqr 
does the distance of tfte centre from 
the surface of the earth vanish in 
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ftoftiparfedh <$f its idfetatice lirottithe 
UM*n. ' • •••■ • ■ '••' 1: - j - 

' iftmttk. We Most ntot, tootvefer; 
forget the succession «f day artA 
Bight : 

TWor. Well then; if the *tin be 
Supposed** z, ft will illutainate by its 
rays, all that part of the earth that is 
above the horizon a o : to the Mia- 
bitants at 5, its western bbufidafyi 
it frf!I appear just rifting; t6 those 
Sfttrated fct it, it wll be nooti ; *tid t& 
those in the eastern partxrf the'hfcf ii*m 
t, it trill be setting. 

• (Sharks. I see cle&tly trfty ft 
Should be fio6h to those -who lire at 
%f, because the $ttn fe just ovfcr their 
heads, but it fe not s6 *ftide*rt, 
tt^hy the sirti J mu5t appear rising 
and setting t& tlrtfee who we at <* 
and <:. 

12 



68 ASTBONOHY. 

Tutor. You are satisfied that a 
spectator cannot, from any place, 
observe more than a semi-circle of the 
heavens at any one time ; now what 
part of the heavens will the spectator 
at g observe? 

James* He will see the concave 
hemisphere zok. 

Tutor. The boundary to his view 
will be n and z > will it not? 

Charles. Yes; and consequently 
the sun at z, will to him be just com- 
ing into sight 

Tutor. Then by the rotation of 
the earth, the, spectator at g will in 
a few hours come to a, when, to 
him, it will be noon ; and those 
who live at k, will have descended to 
c; now what part of the heavens will, 
they see in this situation? 
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/ • James. The ooncave hemisphere 
ar'M a, mod z being 4be boundary of 
their rieworawa}, the sun will to 
them fee setting.! 

Tutor. Just -so. After iriHeh 
•they will be turned away from the 
bun, and coneequently it wild be 
eight to them till they come again 
*o <». Thus, by this simple motion 
©f the earth on its axis, every part 
ftf it is, by tunas, enlightened and 
-unarmed' by the cbeerkag beams of the 
Bun. 

Charles. Does this motion of the 
earth account also for the apparent 
motion tof the fixed stars? 

jfttfir. It ii wring to the resolu- 
tion ©f the tterth round its ftxie, that 
we imagine the whole starrj finoft- 
-tifeftt revokes labotvt *bfc earth ii 24 
hours. 

13 
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James. If the heavens appear' to 
tarn on an axis, must there not be 
two points, namely, the extremities 
of that imaginary axis, which always 
keep their position ? 

Tutor. Yes, we must be under* 
stood to except the two celestial 
poles which axe opposite to the poles 
of the earth, consequently each 
fixed star appears to describe a 
greater or a less circle round 
these, according as it is more or 
less remote from those celestial 
poles. 

Charles. When we turn from 
that hemisphere in whith the sun 
is placed, we immediately gain sight 
of the other in which the stars are 
situated. 

Tuitm; * Every part of the bea- 
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fen is decorated with these glorious ' 
bodies; and 



Night opes the noblest scenes, and sheds an 

awe, 
Which gives those Venerable scenes full weight, 
And deep reception in th' intenderM heart. . 
This gorgeous apparatus ! This display ! 
This ostentation of creative power ! 
This theatre ! what eye can take it in ? 
By what divine enchantment was it rais'd 
For minds of the first magnitude to launch 
In endless speculation, and adore ? 
One sun by day, by night ten thousand shine ; 
And light us deep into the Deity ; 
How boundless, in magnificence and might ! 

Young. 



James. If every part of the hea- 
vens be thus adorned, why do we not 
see the stars in the day as well as^ the 

night? 
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• Tutor. Because in the day tiaae, 
the sun's rays are so powerful* ad to 
render M#£e coining from the fixed 
.stars invisible. But if you ever 
happen to go down into any very 
deep mine, or coal-pit, where the 
rays of the sun cannot -reach die 
eye, and it be a clear day, yoa may 
by looking up to the heavens, see 
the stars at noon as well as in the 
night. 

Chark*. If the earth always 
rewhxe on its axis in $4 hours, why 
does the length of the days and 
nights differ in different seasons of 
the year? 

Tutor. This depends on other 
crates connected with the. earth's 
xomml fournoy round the <siuii» upon 
which tfve/wiil convene the jftext lime 
we meet. 
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CONVERSATION IX. 



Of the Annual Motion of the Earth. 

TUTOR. Besides the diurnal mo- 
tion of the earth, by which the suc- 
cession of day and night is pro- 
duced;, it has another, called its 
annual motion, which is the journey 
it performs round the sun in 365 
days, 5 hours, 48 minutes, and 4$ 
seconds. 

Charles. Are the different seasons 
to be accounted for by this motion of 
the earth ? 

Tutor. Yes, it is the cause of the 
different lengths of the days and 
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nights, and consequently of the dif- 
ferent seasons, viz. Springy Summer, 
Autumn, and Winter: 

It shifts the seasons, months, and days, 
The short-livM offspring «f revolving time ; 
By turns they die, by turns are born. 
Now cheerful Spring the circle ieads 
And strews with flov/rs the smiling meads ; 
-Gay Swrituer next, whom russet robes adorn, 
-And waving fields of yellow corn; 
.Then Autumn, who with lavish stores the lap 

of Nature spreads; 
Decrepit Winter,. laggard in the dance 
{tike Feeble age opprest with pain), 
A heavy season does ra&ratem, 
With towing shows and winds and rain; 
Till Spring, recruited to advance, 
The various .year rolls round again. 

Hughes. 

James. How is it known that thfe 
earth stakes this annual journey round 
tfee sat)? 



7Woi\ I fedd you yesterday, 
that through the ahaft of a very 
deep mine, the $tars are visible io th» 
day as wqII as in the mght; thoy 
are also visible in the day tims, by 
means of iteleaeope properly fitted up 
for the purpose; by this method, tha 
sail and star* aw wiWe at the same 
time. Now if the sun be aeon ift * 
lio* with * fixed atar> to*d*y at say 
partkgiw hour* it will, in a few 
weak*, by the motion (rf tfeft earthy 
to found coroideraifcly tQ the east of 
him: and if the Qbaenratora to 
continued through the year, we 8b«tt 
be able to trace him reuud the 
heavens to the *ame fi*ed star front 
nhtch w* set out; «enseq*H»tly, 
the aim must have made a jouriifgf 
fQwd the earth in that time, q* the 
earth rpundlum. 

Ckart&. And the sun being a 
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million of times larger than the 
earth, you will say that it is more 
natural, that the smaller body should 
go round the larger, than the re- 
verse. 

Tutor. That is a proper argu- 
ment; but it may be stated in a 
much stronger manner. The sun 
and earth mutually attract one ano- 
ther, and since they are in equi- 
librio by this attraction, you know, 
their momenta must be equal *, 
therefore the earth being the smaller 
body, must make out by its motion 
what it wants in the quantity of its 
matter, and, of course, it must be that 
which performs the journey. 

James. But if you refer to the 
principle of the lever, to explain the 
mutual attraction of the sun and 
earth, it is evident, that both bo- 

* See Vol; I. Conversation XIV. J>. 132. ; 
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dies most turn round some point as 
a common centre. 

Tutor. They do; and that is the 
common centre of gravity of the two 
bodies. Now this point between the 
earth and sun is within the surface of 
the latter body. 

Charles. I understand how this 
is ; because the centre of gravity 
between any two bodies, must be as 
much nearer to the centre of the larger 
body than the smaller, as the former 
contains a greater quantity of matter 
than the latter. 

Tutor. You we right: but you 
will not conclude that, because the 
sun is a million of times . larger 
than the earth, therefore, it contains 
a quantity of matter, a million of 
times greater than that contained in 
the earth. 

vol. II. K 
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Jmmi Is St then ktia*m> that 
the earth is composed of matter 
more deaee than that which composes 
the body of tbev sua? 

21***. The garth is composed of 
matter four time* denser than that 
of the sun; and hence, the quantity 
of matter in the sua \i between* two 
$nd tferee hundred tibousamd timjea 
greater than that which is. contained 
in the earth. 

Charles. Then for the momenta 
of these (wo bodies tot be equal, 
the velocity of the earth must be 
between two and three hundred 
thousand tim$* greater than that erf 
the sim. 

Ihter. It most: and to effect 
this, the centre of gravity between 
the sun and earth, must be as much, 
nearer to the centre of the sun, 
than it is to the centre of the earth, 
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as the former body contains a greater 
quantity of matter than the latter: 
and hence it is found to be several 
thousand tntifcs wfthin the Surface of 
the sun, 

James. I now clearly perceive, 
that since one of these bodies re- 
volves about the other in the space 
•6f a year, atttf that they both tnove 
Kmnd their etwnmoft centre of gra- 
vity, that it must) of Necessity, be 
the earth which revolves about the 
*ttti, atid ftot tiie mn rotted the 
earth. 

Ttttor. Your inference id just. 
To ftuppote thfet thfe sun moves round 
tfcte <ewrth, id us ateurd as to maintain, 
that fe tiiiltatbfte could be Made to 
move round a pebble. 



k 2 
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CONVERSATION X. 



Ofihe Seasons. 

TUTOR. I will now show you 
how the different seasons are pro- 
duced by the annual motion of the 
earth. 

James. Upon what do they de- 
pend, Sir? 

Tutor. The variety of the seasons 
depends (1) upon the length of the 
days and nights; and (£), upon the 
position of the earth with respect to 
the sun. 

Charles. But if the earth turn 
round its imaginary axis every 24 
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tourft, ought it Mt to enjoy equal 
days and nights all the year? 

r futor. This would be tbe Case if 
the axkt of tbe teafth n s (Ptate u. 
Fig. 6.) were pcrpebdicular to a line 
£i drawn through the centres of the 
fcUn and earth; for thfcn as the sun 
always enlightens one half of the 
earth by its rays, and as it is day at 
any given place dn the glbbe, so 
long as that pfecfe continues in the 
enlightened hemisphere, every part* 
fextept the two poles, must, during 
its rotation on ite axis, be one half 
Of Its time in the light apd the other 
half in darkness: w, fa other wbrds, 
tto 'days and nights Would be 'equal 
ttHtfU the 4»h*Mta»ts OfSthe earth, 
*tt*qptiiig to those, if any, who live 
httbfejfrte*. 
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James. Why do you cxoept the 
people at the poles ? ., 

Tutor. Because tbe view of the 
spectator situated atthe poles n and 
s, must be bounded by the line c e, 
consequently to him the sun would 
neter appear to rise, or set, but would 
always be in the horizon. 

Charles. If the earth were thus 
situated, would the rays of the sun 
always fall vertically to the same part 
of it? 

Tutor. They would : and that 
part would be £ q the equator ; and, 
as we shall presently show, tbe heat 
excited by the sun being greater or 
less in proportion as its rays come 
more or less perpendicularly . upon 
any body, the parts of the earth 
about the equator would be scorched 
up, while those beyond 40 or 50* 
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degrees oa each side of that line and 
the poles, would be desolated by an 
unceasing winter : 

Some say the sun 



Was bid turn reins from th' equinoctial road 
Up to the Tropic Crab; thence down amain 
By Leo, and the Virgin, and the Scales 
As deep as Capricorn, to bring in change 
Of seasons to each clime: else had the spring 
Perpetual smil'd on earth with vernant flowers. 
Equal in days and nights, except to those > 
Beyond the polar circles : to them day 
Had unbenighted shone, while the low sun 
To recompense his distance, in their sight 
Had rounded still th' horizon* 

Par. Lost, Book x. 1. 6j% 

James. In what manner is this pre- 
vented? 

Tutor. By the axis of the earth 
n s (Plate ii. Fig. 7.) being inclined 
or bent about S3 degrees and a half 



dtrt of tbte perpendicular afe it is 8fc» 
Sfcrib«d by Milton : 



-He bid his angels turn askance 



The poles of earth twice ten degrees and more 
From the sun's axle. 

In this case you observe, that all the 
parallel circles* except the, equator^ 
axe divided into two unequal parts 
hfcvfag a greater or tefefc portion of 
their circumferences fa thte etiligl&t- 
ened y than in the dark hemisphere, 
according to their situation with 
respect to n the hof th, ®r s the south 
po\b. 

Charles. At what season of the 
year ts the *artti rtprefsfcntea foi Whs 
figure? 

TUM. JVt tDtit fititattter m&m : 
tbr you observe that the ptin&ld tin- 
tie* ih the nbrthferti teriii&ptete Jftrife 
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their greater parts enlightened afcd 
their smaller parts in the dark. If 
d l represent that circle of latitude 
on the globe in which Great Britain 
is situated, it is evident that about 
two thirds of it is in the light and 
only one third in darkness. 
. You will remember that parallels 
of latitude are supposed circles on the 
surface of the earth, and are shown by ' 
real- circles on its representative 
the terrestrial globe, drawn parallel 
to the equator. 

. James. Is that the reason why 
our days towards the middle of June 
are 16 hours long, and the nights but 
eight hours ? 

Tutor. It is : and if, you look to 
the parallel next beyond that marked 
i> l, you will see a still greater dis- 
proportion between the day and 
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Wghtj and the panftlel tfiore north 
than th& is ehtifcefy in ; the light 

^karles. is in thfen ell day thfcr* ? 
■ Thaor. To tihfc t whele space be* 
fateefc that ^ftd the pole it is c6nti*- 
ttttfrl d&y for &xme time, the dui*+ 
tion of w % hkh i* in proportion to tte 
vicinity to the pole; and at the 
pole there is a perittanfeftt day4ight 
for six months together. 

Jdmes. And during that timfe It 
fciust, I feuppose* hfe &ight to the pfcO- 
pie who live at the south-pfcte? 

TutW. Yes> the figure shfc#& teat 
tile sOuth-pOte is in dadoi***; aft* 
ytm may Gbsertfe, thfet 15 the inha- 
bitants living in equal pltffcllelfe 8f 
Htftudfe, the one north, and the other 
tdtitb, the length of the <la}s to *h* 
^tie <wiU be always e^aal to thfc 
ler^gth of the nights to the stber. 
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Qharla. What the d phall Vt wiy to 
those who live j i at the equator, an* 
consequently who have a$ latitude? : 

2W*r\ To : them the daya and 
nights. «re ahwryx tqtjtal^ and > of 
course twelve hours each in tengtsb, 
aad this is alsb< evident 1 from the 
figure, for in ev*ry position of tfcft 
globe one half of the equator is » 
the light and the other Mf in dai^s 



Jbme& If, then, the length of 
the day* is the cattle of the different 
aeasons, there can be no variety, in 
tiiis respect, to those whalive at the 
equator. 

Tutor. You ieem to forget that 
the change in #ie seasons depends 
upon the position of the earth with 
respect to the sun, that is, upon the 
perpendicularity with which the rays 
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of light fall upon atiy particular part 
of th? earth; as, well, as upon the 
length. of days. 

: Charles. .Does this make any 
. material difference with regard to 
the heat of the sun? 

Tutor. It does:: let a b (Plate iu 
Fig. 8.) represent a portion of the 
earth's surface, on. winch the sun's 
rays fall perpendicularly; let b c re- 
present an equal portion on wjbicjbi 
they fall obliquely or aslant It is 
manifest that b c, though it be «qual 
to a b, receives but half the light and. 
heat that a b does.; Moreover, by 
the sun's rays coming more perpen- 
dicularly, they come with gjreater 
force, as well as in greater numbers, 
on the same place. 
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CONVERSATION XL 



Of the Seasons. 

TUTOR. Let us now take a 
view of the earth; in its annual 
course round the sun, considering 
its axis as inclined '23^ degrees; 
to a line perpendicular to its or- 
bit, and keeping, through its whole 
journey, a direction parallel to itself; 
and you will find, that according 
as the earth is in different parts o( 
its orbit, the rays of the sun. are 
presented perpendicularly, to tfr% 
) equator, and to every point of ..the 

VOL. II. 1/ 
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globe, within 2S£ degrees of it both 
north ^nd south. 

This figure (Plate u. Fig. 9.) re- 
presents the earth in four different 
parts of its orbit, or as it is situated 
with respect to the sun in the months 
of March, June, September, and De- 
cember. 

Charles. The earth's orbit is not 
made circular in the figure. 

Tutor. No : but the orbit itself is 
nearly circular, but we are, however, 
Supposed to view it from the side B d, 
and therefore, though almost a circle, 
it appears to be a long ellipse. 
All circles appear elliptical in an 
oblique view, as is evident, by looking 
obliquely at the rim of a bason, at 
some distance from you. For the 
true figure of a circle tan only titi 
seen ^he!n the eye is directly over its 
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centre. You observe that the sun is 
not in the centre. 

James. I do; and it appears 
nearer to the earth ni the winter, tl^ail 
in the summer. 

Tutor. We are indeed gaore th$a 
three millions of miles nearer to tile 
sun in December than we are 14 
June. 

Cktirks. Is this possible, and yet 
our winter is so much colder tfcwv-tlftf 
summer? 

Tutor. . Notwithstanding this, it 
is a -well-known fact. For.it is as- 
certained, that our summer, that is, 
the time that passes between the 
vernal and autumnal equinoxes/ is 
nearly eight day^ longer than our 
winter, or the time between the au- 
tumnal and vernal equinoxes. Coo- 
sequently the motion of the earths 
i- 2 
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slower in the former case than in the 
latter, and therefore, as we shall see, 
it must be at a greater distance from 
the sun. Again, the sun's apparent 
diameter is greater in our winter than 
in summer, but the apparent diame- 
ter* of any object increases in pro- 
pbrtion as 'our distance from the ob- 
ject is diminished, and therefore we 
conclude, that we are nearer the sun 
in winter than in summer. The sun's 
apparent diameter in winter is 32' 
47"; * n summer 31' . . 40". ; 

James. But if the earth is farther 
from the sun in summer than in win- 
ter, why are our winters so ' much 
colder than our summers ? 
\ Tutor. Because first, in the sumr 
aaer, the sun rises to a much greater 
■height above our horizon, and there- 
fore its rays coming more perpen* 
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dicularly, more of them, as we showed 
you yesterday, must fall upon the sjur* 
face of the earth, and come also with 
greater force, u*Mch is the principal 
cause of our great summer's heat; 
Secondly, in the summer, the days 
are very long, and the nights short; 
therefore the earth and air are heated 
by the sun in the day, more than they 
are cooled in the night. 

James. Why have we not, then,, the 
greatest heat at the time when the 
days are longest? 

Tutor. The hottest season dMhe 
year is certainly a month or; two a& 
ter this, which may be thus fo< 
counted for. A. body once heated 
does not grow cold again instant 
taneously, but gradually; nowi, aa 
long as more heat comes from the 
l3 
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£un in the day, than is lost in the 
night, the heat of the earth and air 
will be daily increasing, and. this 
must evidently be the case for some- 
tfeeks after the longest day, both 
on "account of the number -of rays 
which fall on a given space, and also 
from .the perpendicular direction of 
those rays. . : 

James. Will you now explain to us 
m ' what manner the seasons are - pro- 
duced? .: f 

Tutor. By referring to the .figure 
(flfete ii.-Fig. 9.)* you will observe, 
that rip the month' of June, the north- 
pote of the earth inclines towards the 
rflUij and consequently brings all the 
Horthern parts -of the globe more 
kito Jigiit, than at any other time fin 
thfeyear;> * ••<-" • -• t , ,-• 
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Charles. Then to the people in 
those parts it is summer. 

Tutor. It is: but in December, 
when the earth. is in the opposite part 
of its orbit, the north-pole declines 
from the sun, which occasions the 
northern places to be more in the 
dark than in the light; and the re- 
verse at the southern places. • 

James. Is it then summer to the 
inhabitants of the sduthern hemi- 
sphere? 

Tutor. Yes, it is ; and winter to 
us. In /the months of March and 
September,, the axis ' of -.the earth 
does not incline to, nor decline from, 
the sun, but is ' perpendicular to a 
Kne drawn from its centre. And 
then the poles are in the boundary, 
of light and dkrkness, and the sun 
being directly vertical to, or over 
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the equator, makes equal day and 
night at all places. Now trace the 
annual motion of the earth in its 
orbit for yourself, as it is represented 
in the figure. 

Charles. I will, Sir: about the 
80th of March the earth is in libra, 
and consequently to its inhabitants 
the sun will appear in Aries, and be 
vertical to the equator. 

Tutor. And then the equator, and 
all its parallels, are equally divided 
between the light and dark.' . 

Charle& : Consequently the' days 
and nightis are equal all over the 
world. As the earth pursues its 
journey from March to June, its 
northern hemisphere comes mors into 
light, and on the 21st Of that month, 
the sun is vertical to the tropic of 
Cancer. 
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, Tutor. And you then observe 
that all the circles parallel to the 
Bquator are unequally divided ; those 
in the northern half have their 
greater parts in the light, and those 
in the southern half have their larger 
parts in darkness. 

Charles. Yes;< and oi coarse it 
is summer to the inhabitants of the 
northern hemisphere, and winter to 
the southern. : . . - .- . 

I now trace it to September, when 
I find the sun vertical again to the 
equator, and of course, the days 
and nights are again equal. And 
following the earth in its journey to 
December, or when it has arrived at 
Cancer, the sun appears in Capri- 
corn; and is vertical to that part 
of the earth called the tropic of Ca* 
pricorn, and now the southern pole 
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is enlightened, and all the circles oo 
that hemisphere have their larger 
parts in light, and, of course, it 
is summer to those parts, and win* 
ter to us in the northern hemi- 
sphere. 

„ Tutor. Can you, James, now 
tell me why the days lengthen and 
shorten from the equator to the polar 
circles every year? 

James. I will try to explain my* 
self on the subject Because the sun 
in March is vertical to the equator, 
and from that time to the 3,1st of 
June it becomes vertical successively 
to all other parts of the earth, be* 
tween the equator and tha tropic of 
Cancer, and in proportion as it be- 
comes vertical to the. more northern 
parts of {be earth, it declines from 
the southern, and, consequently, to 
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the former the days lengthen, and 
to the latter they shorten. From 
June to September the sun is again 
vertical successively to all the same 
parts of the earth, but in a reverse 
order. 

Charles. Since it is summer to all 
those parte of the earth, where the 
sun is vertical, and we find that the 
sun is vertical twice in the year to the 
equator, and every part of the globe 
between the equator and tropics, 
there must be also two summers in a 
year to all those places. 

Tutor. There are;- and in those 
parts near the equator, * they have 

two harvests every year. -But let 

your brother finish his description. 

James. /From September to De* 
cember, it is successively vertical to 
a*l the parts of the earth situated be- 
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tween the equator and the tropic of 
Capricorn, which is also the cause of 
the lengthening of the days. in the 
southern hemisphere, and of their be- 
coming shorter in the northern. 

Tutor. Can you, Charles, tell me 
why there is sometimes no day or' 
night for some little time together 
within the polar circles ? 

Charles. The sun always shines 
upon the earth 90 degrees every 
way, and when he is vertical to the 
tropic of Cancer, which is 23^* dq-? 
grees north of the equator, he must 
shine the same number of degrees 
beydnd the pole, or to the polar 
circle, and while he thus shines* 
there can be no night to the people 
within - that polar circle; and, .of 
course, to the inhabitants at tbe 
southern!, polaroids, , there <*fl;bfc 
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no days at the same time, for as the 
sun's rays reach but 90 degrees- every 
way, they cannot shine far enough to 
reach them. ■ > 

Tutor. Tell me, now, why there is 
bot one day and night in the whole 
year at the poles ? 

Cliarles. For the reason which I 
have just given, the sun must shine 
beyond the north-pole all the time 
he is vertical to those parts of the 
earth, situated between the equator 
and the tropic of Cancer, that is, 
from March, the 21st, to September 
the 20th, during which time there 
oail be no night at the north-pole, 
nor any day at the south-pole. The 
reverse of this may be applied to the 
southern pole. 

James. I understand now, that 
the lengthening.iaad shortening of 

VOL. ir. M 
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the days, and different seasons,* ace 
produced by the annual motion of 
the earth round the sun; the axis 
of the earth, in all parts of its orbit, 
being kept parallel to itself. But if 
thus parallel to itself, how can it in 
all positions point to* the pole-star 
in the heavens ? 

Tutor. Because the diameter of 
the earth's orbit ac is nothing in 
comparison of the distance of the 
earth from the fixed stars. - Suppose 
jou draw two parallel lines at the 
distance of Jthree or four yards from 
one another, will they not both point 
to the moon when she is in the 
horizon? 

v James. Thr6e or four yards can- 
not be accounted as any tiling, in 
comparison bf 040 thousand miles, 
the distance erf the mooofrom oi 
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■ Tutor. Perhaps three yards hear a 
much greater proportion to 240 thou- 
sand miles, than 1 90 millions of miles 
bear to our distance from the polar 
star. 



i 
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CONVERSATION XIL 



Of the Equation of lime. 

TUTOR. You are now, I pre- 
sume, acquainted with the motions 
peculiar to this globe on which we 
live ? 

Charles. Yes: it has a rotation 
on its axis from west to east every 
24 hours, by which day and night 
are produced, and also the apparent 
diurnal motion of the heavens from 
east to west. 

James. The other is its annual 
revolution in an orbit round the sun; 
likewise from west to east, at the 
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distfltnoe of about 95 millions of mites 
from the sun. v 

; Tutor < Yau understand also, in^ 
what manner this annual motion of 
the earth, combined with the incli- 
nation of its axit! is the cause of the 
variety of seasons. 

We will therefore proceed to inves- 
tigate another curious subject, Hz. 
the equation of time, and to explain 
to you the difference between squat 
and apparent time. 

Charles. Will you tell us what you 
mean by the words eqwlnod apparent, 
a& applied to time? 

Tutor. Equal time is measured 
by a clock* that is supposed to go 
without any variation, and to mea- 
sure exactly 24 hours from noon to 
notti ? And apparent time is mea- 
sured by the apparent motion of the 
m 3 



supirinthe heavefis, or by a godct 

sun-dial. *• "' n-iWl 

' C harks. Atfd *rttat J do:'yo& Jiiean, 
Sit, by the tqmtmn^ftim? « -rr." 
7^ar.> It is Idas* adjusts*©* arfJ 
the difference vdf tiq&e^ as* shown : byr 
a well-regulated cloclc and a truer 
sun-dial. ■.;. > \ -v : • v ''<\v «-V 

James. Upon what does thi^dif^t 
ference depend? ; ; ♦ *;> 

Ttoor, It depends ]ir*t lifxjn the? 
inclination of the eartiUs axik .And 
secondlyupori. the elliptic fonfa\of the 
earth's orbit; for, as- we have already - 
seen, the earths orbit being anetjipse, 
its motion is quicker when it is via 
perihelion, or. nearefetto'the mtt$ 
and slower when it. is \p .aphelion; 
or: farthest, from the iuh,' r t - . j vr:. * 
• (7A/^r&^:flDt , I "do not yet <xw*l 
prehend what the rotatiafr vdf Lite 
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fcarth baft t6« do> with the "going of a 
ttock 6b watch* .-> . t < >i 

r iTtoarjw'Xhe. -fetation of the earth 
is thetrwMt equitable and uniform mo* 
Iron t»i*i*twe> and is completed in 
$3 b&jraj<56 minutes and 4 seconds ; 
thbspafcfe 6f time is called a sidereal 
day, because any meridian en the 
tMth'tfilL involve from a fixed fctar, to 
"that, s^n* again in this time. But 

a -soldr or natural day, which our 
clocks are intended to measure, is 
the time- which any meridian on the 
earth will take in revolving from the 
asm to the sun again, which is about 
24 hours, sometimes a little' more, 
but generally >less* 

yjamifc. J What occasions this dif- 
ference ^between the solar and side* 
itealday?. 



Tutor. The dfetanoe of the fixed 
stars is so great, that .the diameter 
of the earth!* orbit, > though 190 
millions of tottes, wbm compared 
with it, is but a peinV«d, therefore 
any meridian on the earth jwll revolve 
from aimed star to that «tar agpni m 
exactly the same time, as if the earth 
had only a diurnal motion, and re* 
mained always in the same part of 
its orWt But with respect to the 
sun, a* the earth advances almost a 
degree eastward in its orbit* in the 
same time that it turns eastward 
round its axis, it must make more 
than a complete rotation before it 
can come into the satire position 
with the sun thai; it had the day 
before* In the same way, as when 
both the hands of a watch or clock 
set off together at twelve o'clock, the 
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minute-hand must travel more than 
a /whole circle before it will overtake 
the hour-hand, that is, before they 
will be in the same relative: position 
again. Thus the sidereal days are 
shorter than the solar ones by about 
four minutes, as is evident from ob- 
servation: 

Watch with nice eye the earth's diurnal way 
Marking her solar and sidereal day ; 
Her slow nutation, and her varying clime, 
Arid trace with mimic art the march of time. 

Charks. Still I do not understand 
the reason why the; clocks apd dials 
^q not agree..,,:. .* ■ 
. Tutor. A , gpod/. filock , is. intended 
to measure that equable and unifcrm 
^igie whi<fhath^^o$ation of the earth 
Qn its ^is fI ^xljibits. . Whereas the 
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dial measures time by the apparent 
motion of the sun, which, as we have 
explained, is subject to variation. 
Or thus: though the earth's motion 
on its axis be perfectly uniform, and 
consequently the rotation of the equa- 
tor, die plane of which is perpendi- 
cular to the axis, or of any other 
circle parallel to it, be likewise equa- 
ble, yet we measure the length of 
the natural day, by means of the sun, 
whose apparent annual motion is not 
in the equator, or any of its parallels, 
but in the ecliptic, which is oblique 
to it. * 

James. Do you mean by this, that 
the equator of the earth, in its annual 
journey, is not always directed to- 
wards the centre of the sun? 

T&tQt: r do : twice ohly in the 
year, a line drawin from the centre 
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ti the sun to that of the earth passes 
through those points where the equa+ 
tor and ecliptic cross one another; 
afcall other times, it passes through 
some other part of that oblique cir- 
de, which is represented on the 
globe by the ecliptic line* Now 
when it passes through the equator 
or the tropics, which are circles pa- 
rallel to the equator* the sun and 
clocks go together as far as regards 
this cause, but at other times they 
differ, because equal portions of the 
ecliptic pass over the meridian in 
unequal parts of time on account of 
its obliquity. 

Charles ^ Can you explain this by a 
figure? 

Tutor, It is easily ahown by the 
globe which/ this figure v n a s 
(Plate ii. Fig. 10.) may represent; 
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T a wiU be the equator, y, a the 
northern half of the ecliptic, and v fcf 
<* the southern half. Make chalk of 
pencil marks 0, b, c, d, e,f> g, A> all 
round the equator, and tdiptiCy at 
equal distances (suppose SO degrees) 
from each other, beginning at Ariel* 
Now by turning the globe on its axis, 
you will perceive that all the pp3£ks44i 
the first quadrant of the ecliptjc, jhat 
is, from Ariejs to Cancer, come wwtr 
to the brazen meridian than their 
corresponding marks on the equator 4 : 
— those from the beginning <tf Gw* 
cer to Libra copie later* — tbQ9$ 
from Libra to Capricorn sooner:— 
and those from .Capricorn to Aries 
later. • : ; r. 

Now time as measured by the sun- 
dial is;reprosen|fld>by thie marks on 
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the ecliptic* 1 } that measured by a good 
clock, by those on the equator. 

Charles. Then while the sun is 
in the first and third quartets, or 
what is the isame thing, while the 
earth is travelling through the se- 
cond -and fourth quarters, thkt is, 
from Cancer to Libra, and from Ca- 
pricorn to Ariea, i^the &m is . faster 
than the docks, and while it Ss tra- 
velling the other two quarters . it is 
slower. 

, Tutor: Just so: because while 
the earth is travelling through the 
^second and < fourth, quadrants, equal 
portions of the ecliptic come sooner 
to the meridian;: than 'their, corre- 
sponding parts of .the equator:: and 
iddfcing :i«s "joOTsiyYtftetfigblithe fi^st 
ifttdfffcird ! qtnt(jrarit«}ttl?fi <feqoal $afts 
erf ^^ted%)ti(> jabaka Inter at fthe 

VOL. II. x 
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meridian than their corresponding 
parts of the equator. 

James. If I understand what you 
have been saying, the dial ahd clocks 
ought to agree at the equinoxes, 
that is, on the 20th of March, and 
the £3d of September, but if I refer 
to the Ephemeris, I find that on the 
former day. (1809) the dock is 8 mi- 
mites before the sun : and on the latter 
day the clock is almost 8 minutes be- 
hind the sun. 

Tutor. If this difference between 
time measured by the dial and clock 
depended only on the inclination of 
the earth's axis to the plane of its 
orbit, the clocks and dial ought to 
be together at the tquinq&es,. and 
also on the fi 1st of June and the &lfet 
of Pdcetnber, that is, *t thte smntatfr 
«tfd 'witrtfc*\ aoiaticeal ^bcaucd; on 

V. .TT .J 7 
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those days, the apparent revolution 
of the sun is parallel to the equator. 
But I told ^ou there was an* 
dthefr cause why this difference sub* 
si* ted. 

Charles. You did: and that was 
the elliptic form of the earth's orbit. 

Tutoi\ If the earth's motion in 
its orbit were uniform, which it 
would be if the orbit were circular, 
then the whole difference between 
equal time as shown by the clock, 
amd apparent time as shown by the 
sun, would arise from the inclination 
of the earth's axis. But thi* is hot 
the case, for the earth travefe, when 
it is nearest the sun, that is, in the 
winter, more than a degree in 24 
hours, and when it is farthest from 
the sun, that is, in summer, less than 
a degree in the spine time: conse- 

N 2' 
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quently from this cause the natural 
day would be of tte. greatest length 

i when the earth was nearest the sun, 
for it must continue turning the 
longest time after an entire rotation, 
in order to bring the meridian of any 
place to the sun again: and the 
shortest day would be when the earth 
moves the slowest in her orbit Now 
these inequalities, combined with 
those arising from the inclination of 
the earth's axis, make up that differ- 

.ettpe which is shown by the equation 
table* found in the Epfre#jeri3, he- 
Jtweeo good dacks apd true SMn-dials, 
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CONVERSATION XIII. 



Of Leap-Year, 

. JAMES* Before we quit the sub- 
ject of time, will you give us some ac- 
count of what is called in our Alma- 
nacs Leap- Year? 

Tutor. I will. : The length of our 
year is, as you know, measured by 
the time which the earth takes in 
performing her journey round the 
son, in the same m^qner as the 
length of the day is measured by 
its rotation on its axis. Now, to 
compute the exact time taken by the 
earth in its annual journey, was a 
n 3 
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work of considerable difficulty. Ju- 
lius Caesar was the first person who 
seems to have attained to any accu- 
racy on t\m subject.-- » ; 

Charles. Do you mean the first 
Roman emperor, who landed also in 
XJreat-Britam?, ' \ -' v 

Ttito? . I do. He was not less ce- 
lebrated as a man of science, than he 
was reihowned as a general: of him it 
M'as said, . * c .' 

.Amidst the hurry of tumultuous war,' ' 

The star*, the gods, the havens were still his 

care, * ; ? 

Nor did bis skill to fix the, rolling -year 
Inferior to Eudoxus's, art appear. r 

Julius Caesar, who was well jsus 
quainted with 4he. learning of .the 
Egyptians, fixed, the length of the year 
to be 365 days and six 1 hours, which 
made * it six hours longer than the 
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Egyptian ykkf.' ^Now, in order c t6~af- 
k)*r for the odd 6 'hours in each yeaF, 
he introduced an additiohal day every 
fourth year', which accordingly edrisfets 
of S8(Tdayg, and is called Z#?/>-Year, 
while the other thriee have only 365 
days each. Erom him it was deifoi- 
frifrmted the Julian year. v. 

• - James. It is also'called Bismvtik'm 
4fi& AhnaneiOS) what does that mean? : 
Tutor. Tte .Romans inserted -the 
ifttcrcalary *tfay>*tietween- the 29d and 
&ttb 'oft jfebftitfry 5 - and beca ti se the 
28d of February, in their caletVdHfj 
was called sexto cakndas Mariii, the 
6th of the calends of March; v t!fe in- 
tercalated day vt&s called bis sefctb (to* 
Itndas Mart ii, the second sixth bf the 
ealends of Mfcfch, and Htocettfc^ar 
of intercalation had the appellation 1 <>f 
Bissextile J Tfcfe>day waiTcteosiJri k% 
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Itovnei on account of the expulsion of 
Tarquia from the throne, which hap- 
pened on the S3d of February. We 
introduce, in Leap- Year, a new day k 
the same month, namely, the £9tfe* 

Charles. Is there any rule for 
knowing what year is Leap- Year? 

Tutor. It is known by dividing the 
date of the year by 4, if there be no re- 
aminder, it is Leap* Year; thas 1799 
divided by 4, leaves, a remainder of 3, 
phowing that it is the 3d year, after 
L^ap-Year. Thepe tw^lkues contain 
the rule : • * . 

_..;• Divide by 4; whaft kft, sfaail be 
For Leap- Year 0; for, past 1, 2, 3. 

. fym*> The year, However, does 
Opt fipnsi&t of 365 d*ys end 6 hours, 
but of £6,5 days, 5 howp, 4& minutes, 
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anil 49 seconds* Will hot this occa- 
sion some error ? 

Tutor. It will: and by subtracting 
the latter number from the former, 
v you will find that the error amounts, to 
11 minutes and 1 1 seconds every year, 
or to a whole day in about 130 years: 
notwithstanding this, the Julian year 
continued to be in general use till the 
year 1582, when Pope Gregory ^XTIL 
undertook to rectify the error which, 
6t that time, amounted to ten days. 
He accordingly commanded the. ten 
days between the 4th and 15th of Oc« 
tober- in that year to be suppressed, sd 
that the 5th day of that month was 
called the 15th. This alterationUook 
place through the greater part of Eu- 
rope, and the year was afterwords 
i i i.. . . , 

::;?. ;i f.Seq.Convjewtioi* IX, ..: .;. 
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called the Gregorian year, or^Nm 
Style. In this country, the method of 
reckoning, according to the New 
Style, was not admitted into our ca- 
lendars until the year 1752, when the 
error amounted to nearly 11 days, 
which were taken from the month of 
September, by calling the 3d of that 
* month' the 14th. 

Charles. By what means will this 
accuracy be maintained ? 

Tutor. The error amounting to om 
whole day in about 130 years, it i$ 
settled by eft act of parliament, thM 
the year 1 800 and the year 1900,* 
which are, according to the rulejiuft 
given, Leap- Years, shall be computed 
as common years, having only 305 
days in each: and that every four 
hundredth year afterwards should be 
common yeare also. If this method 
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be adhered to, the present mode of 
reckoning will not vary a single day 
from true time* in less than 5000 
years. 

By the same act of parliament, the 
legal beginning of the year was 
changed from the 25th of March to 
the 1st of January. So that the suc- 
ceeding months of January, February, 
and March, up to the 24th day, which 
would, by the Old Style, have been , 
reckoned part of the year 1752, were 
accounted as the first three months of 
the year 1753* Hence we sometimes 
see such a date as this Feb. 10, 1774- 
5, that is, according to-the Old Style 
itwas 1774 But according to the Neir 
it is 1775) because now the year be- 
gins in January instead of March.' 
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CONVERSATION XIV. 



Of the Moon. 

TUTOR. You are now, gentle- 
men, acquainted with the reasons 
for the division of time into days and 
years. 

Charles. These divisions have 
their foundation in nature, the jfor- 
mer depending upon the rotation of 
the earth on its axis; the latter upon 
Its revolution in an elliptic orbit 
about the sun as a cehtre^ of mo- 
tion/ • . . ' . . \vk , ' 

James. Is there any natural rea- 
son for the division of years into 
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weeks, or of days into hours, minutes, 
arid seconds ? 

Tutor. These divisions were in- 
vented entirely for the convenience 
of mankind, and are accordingly dif- 
ferent in different countries. There 
is, however, another division of time 
marked out by nature. 

Charles. What is that, Sir? 

Tutor. The length of the month : 
not indeed that month which consists 
of four weeks, nor that by which 
the year is divided into 12 parts. 
These, are both arbitrary. But by a 
month is meant the time which the 
moon takes in performing her jour- 
ney round the earth : 

Then mark'd astronomers with keener eyes 
The moon's refulgent journey through the skies. 

Darwin. 

VOL. II. O 
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James. How maqy days does the 
moon take for this purpose ? 

Tift or. If you refer to the tiupe in 
which the moon revolves f^otn oaQ 
point of the heavens to the tspxw ppiot 
again> it consists Qf 27 da$s, 7 hows, 
and 43 /minutes, this is called the pe- 
riodical month : bufc if you refer to the 
time passed from apw moon to new 
moon again, the month cpnsisis q£ 29 
<Jay$, 12 hours, apd 44 oriqutes, this* 
is caljed. the sypodiqal mqntja. 

Char ts$ . Puay explain, the reason 
Qfthis^ difference. 

Tutor. It is occasioned by the 
earth's annual, motion iq, its orbit., Let 
us refer to our watch a£ an example. 
The two hands are together at 12 
o'clock ; no\V when the minute-hand 
has made a complete revolution, are 
they together again ? 
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James. !NPo; for the hour-hand 
is advanced thfe twelfth patt of its 
revolution, which in order that the 
other may overtake, it must travel 
five minutes more than the hour. 

Tutor. And something more, for 
the hour-hand does not iv&?t &t the 
figure I, till the-other comes Up : and 
therefote they will not bfc together 
till between 5 arid 6 minutes after 
etae. 

Nb\v aftply this to the earth and 
moon, sty*ptfsfei (Ftote in. f% II.) 
s to be thfe siih'; T the eaHh in a 
part of its orbit q l; and e to be the 
position of the mddhi if tB3 featth 
had no motion, the iftoon w6uld 
move rtnind ite o*bit e h c into the 
position e again \ in 27 days, 7 hours, 
43 minutes ; but while the mobn is 
describing her jodrne^, the earth 1 has 
o2 
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passed through nearly a twelfth part 
of its orbit, which the moon must 
also describe before the two bodies 
come again into the same position 
that they before held with respect to 
the sun : this takes up so much mote 
time as to make her synodical month, 
equal to 29 days, 1£ hours, and 44 
mmutes : hence the foundation of the 
division of time into months. 
' We will now proceed to describe 
some other particulars relating to the 
moon, as a body depending like the 
earth, on the sun for her light and 
heat. 

Charles. Does the moon shine 
with a borrowed light only? 

Tutor. This is certain ; for other-, 
wise, if like the sun, she were a 
lqiijfnous body, she woqld always 
shine with a full orb as the sun does :. 



I 
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: , n m , ut\ L efes fcHfcKttie Aioon, . • ^ . 
But «ppo4fce'iii UreYd jveet wit set* r ; : 
His mirror, with full face; fenrowftg, her light 
From him, for other ligh{ she needed nonev 

itar diamewr 15 a&rly 2200 tffites fa 
l&gtk 

JUWfe^ And I remetatfeir ihe is at 
the distance of S4O,06(y ihiteS frorfi 
theearth: r 

7Wor. The sun s (PHiftr ih. ' 
Fig. 11.) always enlightens 6M' half 
of thfe moon e, and its whole eb- 
lightened hemisphere, or « part 6f it, 
or none at all, is seen by us accord- 
ing to h*t difFer&it positions hi the 
orbit with respect to thfc earth, for 
only ttiosfe £arts of the fenfightened 
half etf tfre moon % are vfeible' it *r 
which are eut otf by, ffnd are w&fcm 
the orbit 

d3 •' ;; ".'"- ■ 



James. Then when the moon is at 
e, no part of its enlightened side is 
visible to the earth. 

Tutor. You are right : • it is then 
new moon, or change, for it is usual 
to call it new moon the first day it is 
visible to the earth, which is not till 
the second day after the change. And 
the moon being in a line between the, 
sun and earth, they are said to be in 
conjunction. 

Charles. And at a all the illumi- 
nated hemisphere is turned to the 
earth. 

Tutor. This is called full moon ; 
and the earth being between the sun 
v and moon, they are said to be in op- 
position, The enlightened garts <ff the 
little figures on the outside of the orbit, . 
represent the appearance of the moon 
as seen by a spectator on the earth. 
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James. Is the little figure then 
opposite E wholly dark to show that 
the moon is invisible at change? 

Tutor. It is : and when it is at f 
a small part of the illuminated hemi- 
sphere is within the moon's orbit, and 
therefore to a spectator on the earth it 
appears horned; at g one half of the 
enlightened hemisphere is visible, and 
it is said to be in quadrature : at h 
three-fourths of the enlightened part is 
visible to the earth, and it is then said 
to be gibbous: and at a thq whde en- 
lightened face of the moon is turned 
to the earth, and it is said to be full. 
The same may be said of the rest. 

The horns of the moon before con- 
junction or new moop, are turned to 
the east; after conjunction they are 
turned to the west. How beautifully 
is the moon described by Milton : 
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■ ■ ■ till the mobn, . 

Rising in clouded majesty, at length, 
Apparent Queen unveil'd her peerless light, 
And o'er the dark her silver .mantle threw, , 

Book iv. line (J06. 

Charles: I sfce the figure is in- 
tended to show that the rtioon's orbit 
is elliptical : does she also tutu upon 
her axis ? 

Tutor. She does ; and she requires 
the same time for her diurnal rotation, 
as she takes in completing her revolu- 
tion about the earth ; and consequent- 
ly though every part of the moon is 
successively presented to thfe sun, yet 
the same hemisphere is always turned 
* to the earth. This is known by ob- 
servation with good telescopes. 

James, i- Then the length of a day 
and night in the moon is equal to 
more than twenty-nine days and a 
half of ours. 
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Tutor. It is so: and therefore as 
the length of her year, which is mea- 
sured by her journey round the sun, 
is equal to that of ours, she can have 
but about twelve days and one third 
in a year. Another remarkable cir- 
cumstance relating to the moon, is 
that the hemisphere next the earth is 
never in darkness, for in the position 
£ when it is turned from the sun, it is 
illuminated by light reflected from the 
earth, in the same manner as we are 
enlightened by a full moon. But the 
other hemisphere of the moon has 
a fortnight's light and darkness by 
turns. 

Charles. Can the earth, then, be 
considered as a satellite to the moon? 

Tutor. It would, perhaps,, be in-, 
accurate to denominate the larger 
body a satellite to the- smaller, but 
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with regard to affording reflected 
Hgfat, the earth fa to the moon, what 
the moon is to the earth, and subject 
to the safne changes of horned, gib- 
bous, ftrtl, &c. 

Charks. Bat it must appear much 
larger than the moon. 

Tutor. Hie earth will appear to 
the inhabitants of the moon, about 
1 3 times as large as the moon appears 
to us. "When it is toctiv moon to us, it 
is full earth to them, and the reverse. 

James. Is thte mt)on then inha- 
bited as well as thfe earth ? 

Tutor. Though we cannot de* 
monstrate this fact, yet there, are 
miny reasons to induce us to belfeve 
it : for the moon is a secondary pla- 
net of considerable site ;— its surfece 
is diversified like that of the earth 
with mountains feiid Valleys ;— the 



OF THE MOON. 1$$ 

former have beeg measured by Dr. 
Herschel, and some of them found 
to fo? about a mile m height- The, 
situation of the umwq, with vested 
to the &un, is mwh like that of the 
earthy aod by a rotation on hor a*ig* 
and a small inclination on that aoris 
to the plane of her orbit, she enjoys, 
though not a considerable, yet an 
agreeable variety of day and night 
and of seasons. To the moon, our 
globe appears a capital satellite, un- 
dergoing the same changes of illumi- 
nation as the moon does to the earth. 
The sun and stars rise and set there as 
they do here, and heavy bodies will 
fall on the moon as they do on the 
•earth. Hence we are led to conclude 
that/ like the earth, the moon also is 
inhabited. Dr. Herschel discovered 
some years ago three volcanoes all 
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burning in the moon; but no large 
seas or tracts of water have tyeen 
observed there, nor is the existence 
of a lunar atmosphere certain. There- 
fore her inhabitants must materially 
differ from those who live upon the 
earth. 
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CONVERSATION XV. 



Of Eclipses, 

CHARLES. Will you, Sir, ex- 
plain to us the nature and causes of 
eclipses? 

Tutor. I will, with great pleasure. 
You must observe, then, that eclipses 
depend upon this simple principle, 
that all opaque or dark bodies when 
exposed to any light, and therefore 
to the light of the sun, cast a shadow 
behind them in an opposite direc- 
tion. 

James. The earth being a body 
of this kind must cast a very large 

vol, ir. p 
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shadow on its side which is opposite 
to the sun. . 

Tutor. It does : #nd an eclipse of 
the moon happens when the earth t 
(Plate in. Fig. 12.) passes between 
the sun s and the moon m, and it is 
ocqasioned by the earth's shadow be- 
ing cast on the moon. 

Charley When does &16 hap- 
pen? 

Tutor. It is only when the moor* 
isr full orfin opposition^ that it comes 
within tbp shadow of the* earth, 

Joiner* Ellipses,, oi the mooof, 
however, 4q .ftQfc fy*1?$tffl< ^vei^ tiffiQ 
H.»- 4 faU j )t -yhaJi ^p tiie,,re$soa <rf 
this? -. m ■.:; • 

moon does not coincide with $h& 
Btawi 9f.tH«::e«tffcfr Qfltft, hnfc.one 
half, of ifc i$ eiU^tf4^b^,.fifttt!d4<- 
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gree* and * third aftcneiit* aad the 
other half is as much bttow-if : and 
therefore, unless the fuil'mo&n imp- 
pew in or near ode of the nexjes,- that 
is, in or near the point* in ^hich the 
two orbits intersect each other, she 
will pass above, or belov* the &ha<Sbw 
of the earth, in tohich case there can 
be no eclipse. ::.•-. 

Charles. What is the greatest di- 
stance from tfie node, at *hk:h an 
eclipse of the moon can happen ? 

Tutor. There can be.no eclipse, 
if the moon, at the time Mfa&n she 
is full, be more than 12 ctegre£s / frem 
the node; when she is within thtit 
distance, there will be a partial' or 
total eclipse, according as a part, or 
the whole disk or face of the moon 
falls within the earth's shadow. If 
the eclipse happen exactly- when the 
p 2 
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moon is full in the node, it is called a 
central eclipse. 

James. I suppose the duration of 
the eclipse lasts all the time that 
the moon is passing through the 
shadow. 

Tutor. It does : and you ob- 
serve that the shadow is considerably 
wider than the moon's diameter, and 
therefore an eclipse of the moon 
lasts sometimes three or four hours* 
The shadow also you perceive is of a 
conical shape, and consequently, as 
the moon's orbit is an ellipse and 
not a circle, the moon will, at dif- 
ferent times, be eclipsed when she 
is at different distances from the 
earth. 

Charles. And according as the 
moon is nearer to, or farther from 
tlje earth, the eclipse will be of a 
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greater or leas duration ; for the sha- 
dow being conical becomes less and 
less, as the distance from the body by 
which it is cast is greater. 

Tutor. It is by knowing exactly 
at what distance the moon is from 
the earth, and of course the width 
of the earth's shadow at that di- 
stance, that all eclipses are calcu- 
lated with the greatest accuracy, 
for many years before they happen. 
Now, it is found that in all eclipses, 
the shadow of the earth is conical, 
which is a demonstration, that the 
body by which it is projected is of a 
spherical form, for no other sort of 
figure would, in aU position^ cast a 
conical shadow Tins is mentioned 
3$ another proof, that the earth is a 
sp^ricaj body*. 

*3 ..--■- 
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James* It seems to me to prove 
another thing, viz. that the sun must 
he a larger body than the earth. 

Tutor. Your conclusion is just, 
for if the two bodies were equal to 
one another (Plate in. Fig. 13.) the 
shadow would be cylindrical: and 
if the earth were the larger body, 
(Plate in. Fig* 14.) its shadow would 
be of the figure of a cone, which had 
lost its vertex, and the farther it were 
extended the larger would it become; 
In either case the shadow would run 
out to an infinite space, and accord- 
ingly must sometimes involve in it 
the other planets, and eclipse them, 
which is contrary to fact. Therefore, * 
since the earth is neither larger than, 
nor equal to the sun, it must be the 
lesser body. We will now proceed 
to the eclipses of thejsuu. 
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Charles. How are these occa- 
sioned? 

' Tutor. An eclipse of the sun hap- 
pens when the moon m, passing be- 
tween the sun s and the earth t 
(Plate in. Fig.' 15.) intercepts the 
suti's light 

James. The sun then can be 
eclipsed only at the new moon. 

Tutor. Certainly ; for it is only 
when the moon is in conjunction 
that it can pass directly between the 
sun and earth. 

Charles. Is it only *when the 
moon at her conjunctiori, is near one 
of its nodes, that there can be an 
ellipse of the sun ? 

Tutor. :• An eclipse of the sun de- 
pends upon this circumstance : for 
unless the moon is ifr, or near one of 
its Aodes, she cannot appear in the 
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some plane with the sun, or seem to . 
pass over his disk. In every other 
part ; of the erbk she will appear 
above or below the sun* If the 
iqoQQ.be in one, of the nodes she 
wilt, in moat cases, cover the whole 
disk of the sun, and produce a total 
eclipse ; if she be any where within 
about 16 degrees of a node, a partial 
ecUpsewill be produced* 

The sun's diameter is supposed to 
be divided into IS equal parts, called 
digits, and in every partial eclipse, 
as aiany of these parts of the sun's 
diameter as the moon covers, so 
many digits are said to be eclipsed. 

James. • I have heard of annulary 
eclipses, what are they, Sir? 

Tutor. Wh§n a ring of light 
appears round the edge of the wocm 
<Ww£ m eclipse of thq su»„ k i* 
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said to be annular, from the Latin 
word annulus, a ring: these kind 
of eclipses are occasioned by the 
moon being at her greatest distance 
from the eiarth at the time of an 
eclipse, because in that situation the 
vertex or tip of the cone of the 
rnoon'^ shadow does not reach the 
surface of the earth. 

Charles. How long can an eclipse 1 
of the sun last? 

Tutor. A total eclipse of the sun 
is a very curious and uncommon 
spectaclq; and total darkness cannot 
last more than three or four mi- 
nutes. Of one that was observed in 
Portugal, 150 years ago, it is said 
that the darkness was greater than 
that of the night;— that stars of 
the first magnitude fnade their ap- 
pearance ; — and that the birds were 
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so terrified that they fell to the 
ground. 

James. Was this visible only at 
Portugal? 

Tkrkor. It must have been seen at 
other places, though we have no ac- 
count of it. The moon, however, 
being a body much smaller than the 
earth, and having also a conical sha- 
dow, can with that shadow only, 
cover a small part of the earth ; 
whereas an eclipse of the moon may 
be seep by all those that are on that 
hemisphere which is turned towards 
it , ($ee Plate in. Fig. 15 and 12.) 

You will also observe, that an 
eclipse of the sun may be total to 
the inhabitants near the middle of 
the earth's disk, and annular to 
those in places near the edges of 
the disk, for in the former case the 
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moons shadow will reach the earth, 
and in the latter, on account of the 
earth's sphericity, it will not. 

Charles. Have not eclipses been 
esteemed as omens presaging some 
direful calamity ? 

Tutor. TiH the causes of these 
appearances were discovered, tbey~ 
were generally beheld with terror by 
the inhabitants of the world, which 
fact is beautifully alluded to by Mil-* 
ton in the 1st book of Paradise Lost, 
line 594 : 

— - As when tire sun, new risen, 

Looks through the horizontal misty air 
Shorn of bis beams, or from behind the moon, 
In dim eclipse* disastrous twilight sheds 
On half the nations, and with fear of change 
Perplexes monarchs. 
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I 



CONVERSATION XVI. 



Of the Tides. 

TUTOR. We will proceed to the 
consideration of the Tides, or the 
flowing and ebhing of the ocean. . 

James. Is this subject connected 
with astronomy? 

Tutor. It is, inasmuch as the tides 
are occasioned by the attraction dE 
the sun and moon upon the water*, 
but more particularly by that of fhe 
latter. You will readily conceive 
that the tides are dependent upoa 
some known and determinate laws, 
" °.cause,. if you turn to the Ephe- 
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mens, or indeed to almost any alma- 
nac, you will see that the. exact 
time of high water at Londonrbridge 
for every day in the year is sctdown. 
' ' Charles i 1 have frequently won- 
dercd how this could be known with 
suchr a degree of accuracy: indeed 
there is not a waterman that plies at 
the stairs, but can readily tell when it 
will be high water. 

Tutor. The generality of the wa- 
termen .are probably as ignorant as 
yourself of the cause by which the 
waters flow and ebb, but by expe- 
rience they know that the time of 
high (water differs on each day about 
three quarters of an hour, or. ia little 
more or^ less, and therefore if it be 
high, water tQ-day at six o'clock, 
they:, will, at a guess,, tell. you, that 

VOL/ II. l Q ) 
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to-morrow the tide will not be up till 
a quarter before seven. 
* James. Will you explain the 
causes ? 

Tutor. I will endeavour to do 
this in an easy and concise manner, 
without fatiguing your memory with a 
great variety of particulars : 

The ebbs of tides, and their mysterious flow, 
We, as art's elements, shaft understand. 

You must bear in your mind then, 
that the tides are occasioned by 
the attraction of the sun aiid moon 
upon the waters of the earth: per- 
haps a figure may be of some 
assistance to you. Let a p x> ri 
(Plate in. Fig. 160 ^ supposed the 
earth, c its centre; let the dotted 
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circle represent a mass of water cover- 
ing the earth : let m be the moon in 
its orbit, and s the sua 

Siqce the force of gravity or at- 
traction diminishes as the squares of < 
the distances increase * the waters 
on the pide. a are more attracted by 
the moon m, than the central parts 
at c ; apd the central parts are mere 
attracted gftP $£ waters at l ; con- 
sequently the waters at l will recede 
from the centre ; therefore while the 
PK>99 i# in the situation u, the w% 
terp will rise towards a aatf 6 on the 
opposite sides of the earth, 

Pharks. Y<H|i¥*aa that thp wa- 
ters vpill rjse $£ a fyy the immediate 
at$r«#K»i of thfe moon m, and *iU 
r^e frt, b, t>y the centre c, receding 

' •SeeVol,I.p.54. 

Q2 
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and leaving them more elevated 
there. 

Tutor. That is the explanation. 
It is evident, that the quantity - of 
water being the same/ a rise cannot 
take place at a arid b, without the 
parts at p and n befog at the same 

time depressed. — ■ • 

1 James. In this situation the water 
may be considered as partaking of an 
oval forth. ••• . •• - ] 

Tutor: If the eartli 1 and moon 
were without motion, and the earth 
covered all 6ver with water, the at- 
traction of the moon would raise ft 
up in a heap in that pafrt bf the 
ocean to which the mdoii H vertical/ 
and there it would always continue ; 
but by the rotation of tfafe eafth on 
its axis, each part of its surface to 
which the moon is vertical i& pre- 



qeotftd twee a 4ay to tft? £$u» of 
the moon, and thus are proved tWft 
floods^ t)Y^eb^: , 

Altejnafc ttffes ia 4*or*& order itm. 

Charter* Howfwice aday? 

Tutor. In the po&itjqn of thp, 
ej»r^h and xflQpa W it is in pur fi- 
gufp, tjie waters are nu?,e4 at a by. 
the direct attraction of the naoqn, and 
a tide is accQrdiogly produced : but 
when, by the earth s rcfctiop, a 
comes/ lg hours afterwards, into the 
ppjsjtaro i, aqoth^r tid^ i^ oqcasi^ped 
by the receding qf ti& wa^r» there 
frpip the centre. . 

James. Y<h» fyvp tp}4: M* that 
% tides are j^pduc^cj }n ; tho$e,parts 
of tlpe 4 sppth to , iphich the n$on is, 
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vertical, but this feflfect ft not confined 
to those parts. f • « : 

7Wor. It is not, blrt : there the 
attraction of the moon has the great- 
est effect; in all^ther piartB- her force 
is weaker; because it acts in a more 
oblique direction. 

Charles. Are thfere L two tides" in 
every 24 hoors? * l>i 

Tuttir. If the moon were station-' 
ary this foould be the case; but be- 
cause that body is also* prbceedihg 
every day about 13 xtegfees from 
west to east in her orbit, this earth 
must make more than one revolution' 
on its axis before' the' same meridian, 
is in conjunction with the moon, arid 
hence two tides take plkce in about 
24 libiirs and : 50 'mfniitesf; 

Jamie!*. But I rettietiflber when we* 
were at J the ] sea, thalPtWe tidas rose 
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higher at some seasons than at otheris: 
how do you account for this? 

Tatar. The moon goes round 
the earth in an elliptic Orbit, fcnd 
therefore she approaches nearer id 
the earth in some parts of her Orbit, 
than in others. When she is nearest, 
the attraction is the strongest^ and* 
consequently it raises the tides most : 
and when she is farthest from' the- 
earth, her attraction is the least, and' 
the tides the lowest. ^ 

i James. ' Do they rise to different 
heights ifi different places ? 

Tutik. They do: in the 6lack- 4 ' 
Sea anil the Mediterranean the tides- 
are scarcelyperceptible. At the»mouth 
of the Indus the watet rises and falls* 
full *30 feet. The tides' are remark- 1 
ably high on the coast of Malay, in 
the Straits of Sunda, in the Red- 
$ea J ,' along the coasts of China, Ja ' 



pan, &c. In general the t$es me 
highest %n4 st^op^st in those places 
that ggre narrowest, 

Charlfs. Yqu pa# the sun> &t- 
£ac#on pensioned tides as well,#a 
that pf the njopja,, 

Ttftor. It {Joes: but ow^ j; t^ 
the immense distance of fye sun fvQfp 
the earthy it prices but a $$$> 
effect in cpgaparison Qf the moqn's 
attraction. Sir Isaac Newton cq^ 
puted, that the force of the n^apa, 
raised the waters, in the greaf p^an 
10 feet, whereas that of tjie. $pQ 
raised it only 2 feet. Whe£ v bpth 
the attraction of the sun an$ fpqop, 
act in the same direction t^tj^5, f ^t 
new and full ropon, tb^ c.oinbJifl/ B 4 > 
forces of both rajse.the ty}e 1 <$,&#•• 
But when the moon is ip hpr /-tyUftrp 
ter^ the a$ractiop of ope qt these 
bpdie§ raises the water* vhUe, that 
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of the other depresses it; and there- 
fore the smaller force of the sun 
must be subtracted from that of the 
mtfori, * consequently the tides will 
be no more than 8 feet. The highr 
est tides are called spring-tides, and 
the lowest are denominated neap* 
tides, 

James. I understand .that in the 
former case,* the height to which the 
tides are raised, must be calculated by 
adding together the attractions of the 
sun and moon; and in the latter, it 
mtist be estimated by the difference of 
these attractions. 

Tutor. You are right. When 
the sun and moon are both vertical to 
the* equator of the earth, and the 
moon at her least distance from the 
earth, then the tides are highest, 

Charles. Do the highest tides hap- 
pen at the Equinoxes ? 
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Tutor. Strictly speaking, ftese 
tides do not happen till some lit- 
tle tiipe after, because in this, as 
in other cases, the action? do not 
produce the greatest effect when 
ttjey are at the strongest, but sopie 
time afterwards : thus the hottest 
part of the day is not when the sun 
is on the meridian, but between two 
and four o'clock in the afternoon. — 
Another circumstance must be taken 
into consideration: the sun being 
nearer to the earth in winter than in 
summer, it is of course nearer to it in 
February and October, than ia M^rch 
and September; and therefore all 
these things beingxput together, it will 
be found that the greatest tides hap* 
pen a little before the vernal, and 
some time after the autumnal Equi- 
. noxes« 
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CONVERSATION XVII. 



Of the Hardest Moon. 

TUTOR. From what we said 
yesterday, you will easily understand 
the reason why the nfoon rises about 
three quarters of an hour later every 
day than on the one preceding. 

Charles. It is owing to the daily 
progress which the moon is raakibg 
in her orbit, on which account any 
meridian on the earth must make 
more than one comitate rotation on 
its axis, before it ebmes again into 
the same situation with respect to 



180 ASTRONOMY. 

the moon that it had before. And 
you told us that this occasioned a dif- 
ference of about 50 minutes. 

Tutor. At the equator this is ge- 
nerally the difference of time between 
the rising of the moon on one day 
and the preceding. But in places 
of considerable latitude, as t that in 
which we live, there is a remarkable 
difference about the time of harvest, 
when at the season of full moon she 
rises for several nights together only 
about 20 minutes later on the one 
day than on that immediately pre- 
ceding. By thus succeeding the sun 
before the twilight is ended, the moon 
prolongs the light to the great bene-, 
fit of those who are engaged in 
gathering in the fruits of the earth; 
and hence the fuU moon at this sea-, 
son is called the harvest moon. It 
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is believed that this was observed by 
persons engaged in agriculture, at & 
much earlier p eriod than it was no- 
ticed by astronomers; the former 
ascribed it to the goodness of the 
Deity, not doubting but that he had 
so ordered it on purpose for their 



James. But the people at the 
equator do not enjoy this benefit. 

Tutor. Nor is it necessary that 
they should, for in those parts of the 
earth, the seasons vary but little, and 
the weather changes but seldom, and 
at stated times ; t6 them, then, moon- 
light is not wanting for gathering the 
fruits of the earth. 

Sharks. Can you explain how at 
happens, that the moon at. this sea* 
son of the yfear rises on© day aftfec 

' VO£. II., R . /.; y» . - ; • ' 
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another with so small a difference of 
time? N 

Tutor. With the assistance of a 
globe I could at once clear the mat- 
ter up. But I will endeavour to give 
you a general idea of the subject with- 
out that instrument That the moon 
loses more time in her risings when 
she is in one part of her orbit, and less 
in another, is occasioned by the moon's 
orbit lying some tunes more oblique 
to the horizon than at>others. 

James. But the moon's path is 
not marked on the globe. 

Tutor. It is not; you may, how«v 
ever, consider it, without much error, 
as coinciding with the ecliptic. And 
in the latitude of London, as much 
of the ecliptic rises about Pisces and 
Arks in two hours as the moon goes 
through in six days ; therefore while 
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the moon is in these signs she differs 
but two hours in rising for six days 
together; that is one day with an- 
other, about 20 minutes later every 
day than on the preceding : 

There is a time well known to husbandmen. 
Id which the moon for many nights, in aid 
Of their autumnal labours, cheers the dusk 
With her full lustre, soon as Phoebus hides 
Beneath the horizon his propitious ray : 
For as the angle of the line which bounds 
The moon's career from the Equator, flows 
Greater or less, the orb of Cynthia shines 
With less or more of difference in rise; 
In Aries least this angle : thence the moon 
Rises with smallest variance of times, 
When in this sign she dwells; and most pro- 
tracts 
Her sojourning in our enlightened skies, 

Lofit* 

Charles. Is the moon in those signs, 
at the time of harvest ? 
Tutor. In August and September 

r2 
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you know that the sun appears in 
Virgo and Libra, and of course when; 
the moon is full, she must be in the 
opposite signs, viz. Pisces and Aries. 

James. : Are there then two full 
moons that afford us this advantage? 

Tutor * There are, the otie when 
the sun is in Virgo, which is called 
the harvest moon ; the other when the 
sun is in Libra, and which being less 
advantageous, is called the hunter's 
moon. You ought to be told that 
when the moon is in Virgo and Li- 
bra, then she ri£es with the greatest 
difference of time, viz. an hour and 
a quarter later every day than the 
former. 

Charles: Will you explain, Sir, 
how it is that the people at the equa- 
tor have no harvest moon? 

Tutor. At the equator, the north 
and south poles lie in the horizon, and 
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therefore the ecliptic makes the same 
angle southward with the horizon 
when Aries rises, as it does northward 
when Libra rises ; but as the harvest 
moon depends apon the different 
angles, at which different parts of the 
ecliptic rises, it is evident there can 
bfcno harvest moon at the equator. 

The farther any place is from die 
equator, if it be not beyond the polar 
circles, the angle %hich the ecliptic 
makes with the horizon, when Pisces 
and Aries rise, gradually diminishes, 
and therefore when the moon is in 
these signs she rises with a nearly- pro* 
porlionable difference later every day 
than on the former, aad< this is more 
remarkable about the time of full 
iwton. 

James. Why have you excepted 
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the space on the globe beyond thp 
polar circles ? 

. Tutor. At the polar circles, when- 
the sun touches the summer tropic, he 
continues 24 hours above the horizon; 
and 24 hours below it when he touches 
the winter tropic. For the same rea- 
son the full moon neither rises in the 
summer, when she is not wanted ; nor 
sets in the winter when her presence 
is so necessary. These are the only two 
full moons which, happen about the 
tropics ; for all the others rise. and set. 
In summer the full moons are low, 
and their stay above the horizon short : 
in winter they are high, and stay- 
long above the horizon. A wonder- 
ful display this of the divine wisdom 
and goodness, in apportioning the 
quantity of light suitable to the va- 
rious necessities of the inhabitants of 
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the earth, according to their different* 
situations. . , 

Charles. At the poles > the matter 
is, I suppose, still different 

Tutor, There oner half of the 
ecliptic never sets, and the other half 
never rises ; consequently the sun con- 
tinues one half year above the hori- 
zon, and the other half below it. The; 
full moon being always, opposite to 
the sun can never be seen to the id- 
habitants .of the poles, while the sun 
is above the horizon. But all the 
time that the sun is below the hori- 
zon, the full moons never set. Con* 
sequently to them the full moon is 
never visible in their summer; and in 
their winter they have her always be- 
fore and after the full, shining for 14 
of our days and nights without inter* 
mission. And when the sun is de- 
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pressed the lowest under the horizon, 
then the moon ascends with her high- 
est altitude. 

James. This indeed exhibits in a 
high degree the attention of Provi- 
dence to all his creatures. But if I 
understand you, the inhabitants of 
the poles have in their winter a fort* 
night's light and darkness by turns. 

Tutor. , This would be the case 
for the whole six months that the sun 
is below the horizon, if there were no 
refraction * ,* and no substitute for the 
light of the moon. But by the at- 
mosphere's refracting the sun's rays, 
he becomes visible a fortnight sooner, 
and continues a fortnight longer in 
sjght than he would otherwise do 

* The subject of refraction will be very par- 
ticularly explained when we come to Optics, 
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were, there no such property belong- 
ing to the atmosphere. And in those 
parts of the winter, when it would 
be absolutely dark in the absence of 
the moon, the brilliancy of the Au- 
rora Borealis, is probably so great 
as to afford a, very comfortable de» 
gree of light. Mr* Hearne in his 
travels. near the polar circle, has this 
remark in his journal; "Decern* 
ber 24. The days were so short, 
that the sun only took a circuit of a 
few points of the compass above the 
horizon, and did not at its greatest 
kltitude rise half way up the trees. 
The brilliancy of the Aurora Borealis, 
however, and of the stars, even 
without the assistance of the moon, 
made amends for this deficiency, 
for it was frequently so light all 
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night, that I could see to read a small 
print." 

These advantages are poetically de- 
scribed by our Thomson : 

By dancing meteors then, that ceaseless shake 
A waving blaze refracted o'er the heavens, 
And vivid moons, and stars that keener play 
With double lustre from the glossy waste ; 
Ev'n in the depth of Polar Night, they find 
A wondrous day : enough to light the chase, . 
Or guide their daring steps to Finland-fairs. 

Winter, 1. 859. 
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-CONVERSATION XVIII. 



. Of Mercury. 

TUTOR. Having fully described 
the earth and the moon, the former 
a primary planet, and the latter its 
attendant satellite, or secondary pla- 
net, we shall next consider the other 
planets in their order, with which, 
. however, v?e are less interested. 

Mercury, you recollect, is the 
planet nearest the sun; and Venus 
is the second in order. These are 
called inferior planets. 

Cliark*. Why are they thus d** 
nominated ? 
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Tutor. Because they both revolve 
in orbits which are included within 
that of the earth; thus (Plate i. 
Fig. 2.) Mercury makes his annual 
journey round the sun in the orbit a ; 
Venus in b, and the earth, farther 
from that luminary than either of 
them, makes its circuit in t* 

James. How is this known ? 

Tutor. By observation: for by 
attentively watching the progress of 
these bodies, it is found that they 
are continually changing their places 
among the fixed stars, and that they 
are never seen in opposition to the 
sun, that is, they are never seen in 
the western side of the heavens in the 
morning when he appears in the edst; 
nor in tfye eastern part of the heavens 
in the evening when the sun appears 
in the west. 
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r Charles. Then they may be con- 
sidered as attendants upon the sun ? 

Tutor. They may: Mercury is 
never seen from the earth at a greater 
distance from the sun, than about S3 
degrees, or about as far as the moon 
appears to be from the sun on the 
second day after its change; hence 
it is that we so seldom see him ; and 
when we do, it is for so short a time, 
And always in twilight, that sufficient 
observations have not been made to 
ascertain whether he has a diurnal 
motion on his axis. 

James. Would you then conclude) 
that he has such a motion ? 

Tutor. I think we ought; be- 
cause it is known to exist in all those 
planets upon which observations of 
sufficient extent have been made, and 
therefore we may surely infer, with- 

vol. 11. s 
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out much chance of error, that it be- 
longs also to Mercury, and the Her* 
schel, the former from its, vicinity 
to the sun, and the latter from its 
great distance from that body, hav- 
ing at present eluded the investigar 
tk» of the most mdefirfgable astro- 
nomers. 

Charles. At what distance is Mer- 
cury from the sun? 

Tutor. He revolves round that 
body at about 37 millions of miles 
distance, in 88 days nearly ; and there- 
fore you can now tell me how many 
.miles he travels in an hour. 

James. I can; for supposing his 
orbit circular, I must multiply the 
97 millions by 6*, which wiD give 
222 millions of miles for the length 
of his orbit; tlm I shall divide by 
♦See Vol. II. p. 80. 
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88, the number of days he takes in 
performing his journey, and the quo- 
tient resulting from this, must be di- 
vided by 24, for the number of hours 
in a day; and by these operations, 
I find that Mercury travels at the 
rate of more than 105,000 miles in 
an hour. 

Charles. How large is Mercury? 

Tufor. He is the smallest of all 
the planets. His diameter is some- 
thing more than 3200 miles in 
lesigth. 

James. His situation being so 
much nearer to the sun than oars, 
he must enjoy a considerably greater 
share of its heat and light. 

Tutor. So much so, as would in- 
deed infallibly burn every thing be- 
longing to the earth to atoms, were 
she similarly situated. The heat of 
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the sun at Mercury, must be 7 times 
greater than our summer heat : 



-Mercury the first 



Near bordering on the day, with speedy wheel 
Flies swiftest on, inflaming where he Comes, 
With seven-fold splendour, all the azure road. 
Mallet's Excursion. 

Charles. And do you imagine 
that, thus circumstanced, this planet 
can be inhabited ? 

Tutor. Not by such beings as we 
are : you and I could not long exist 
Ht the bottom of the sea; yet the 
sea is the habitation of millions of 
living creatures ; why then may there 
not be inhabitants in Mercury, fitted 
for the enjoyment of, the situation 
which that planet is calculated to 
afford? If there be: not, we must be 
at a loss to know why such a body 
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was formed; certainly it could not 
be intended for our benefit, for it js 
rarely ev»n *een by us : 

Ask for what end the heavenly bodies shine ? 
Earth for whose use ? Pride answers, *' "Tis 

for inkie : 

■ — __«$uns to light me rise, 

My footstool earth, my canopy the skies." 

n Pupb. 
But do these worlds display their beams, or 

guide 
Their orbs, to serve thy use, to ptease thy 

pride ? 
Thyself but dust, thy stature but a span, 
A moment thy duration ; foolish man ! 
As well may the minutest emmet say, 
That Caucasus was raised to pave his way : 
The snail, that Lebanon's extended wood 
Was destined only for his walk and food : 
The vilest cockle, gaping on the coast 
That rounds the ample seas, as well may boast, 
The craggy rock projects above the sky, 
That he in safety at its foot may lie ; 
And the whole ocean's confluent waters swell, 
Only to quench his thirst, or move and blanch 

his shell. Pftiog, 

S3 
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CONVERSATION XIX. 



Of Venus. 

TUTOR. We now proceed to 
Venus, the second planet in the order 
of the solar system, but by far the 
most beautiful of them all : 

Fairest of stars, last in the train of night, 

If better thou belong not to the dawn, 

Sure pledge of day, that crown'st the smiling 

morn 
With thy bright circlet, praise him in thy 

sphere, 
While day arises, that sweet hour of prime, 

Milton. 

James. How far is Venus from 
the sun? 
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Tutor. That planet is 68 millions 
pf miles from the sun, and she finishes 
her journey in 224| days, corise- 
quentjy she must travel at the rate of 
75,000 miles in a hour. 

Charles: Venus is larger than Mer- 
cury, I dare say ? 

Tutor. Yes, she is nearly as large 
as the earth, which she resembles also 
in other respects, her diameter being 
about 7700 miles in length, and she 
has a rotation about her axis in 23 
hours and 20 minutes. The quantity 
of light and heat .which she enjoys 
from the sun, .must be double that 
which is experienced by the inha- 
bitants of this globe. 

James. Is there also a difference in 
her seasons, as ther6 is here? 

Tutor. Yes, in a much more con- 
siderable degree. The axis of Venus 
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inclines about 75 degrees, but that of 
the earth inclines only gs£ degrees, 
and as the variety of the seasons in 
every planet depends on the degree 
of the inclination of its axis/ it is 
evident that the seasons must vary 
more with Venus than with us. 

Charles. Venus appears to us 
larger sometimes tlian at others* 

Tutor. She does; and this, with 
other particulars, I will explain by 
means of a figure. Suppose s (Plate 
nr. Fig. 17.) to be the sun, t the 
earth in her orbit, and a, b, c, d f e,f $ 
Venus in hers: now it is evident 
that when Venus is at a, between 
the sun and earth, she would, if 
visible, appear much larger than 
when she is at d in opposition. 

James. That is because she is so 
much nearer in the former case than 
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in the latter/ being in the situation 
a but 27 millions of miles from tbe 
earth t, but at d she is 163 millions 
of miles off. 

Tutor. Now as Venus passes from 
a 9 through b, c, to d, she may .be ob- 
served by n*ean$ of a good telescope^ 
to have all the same phases as the 
moon has in passing from new to full;: 
Jtherefere when she is at d she is full, 
and is seen among the fixed .stars ia 
!the beginning of Cancer:- during her 
journey from d)x> e, she pi'oceeds wit^ 
a direct motion in her orbit, an/i at e 
she is seen in Leo, and will appear jto 
an inhabitant of the earth, for a few 
days to be stationary, not seeming to 
change her place among the fixed 
stars, for she is coming toward the 
earth in a direct line: but. in passing 
fr<nn c to^ though still with a direct 
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motion, yet to a spectator at t, her 
course will see n to be back again, or 
retrograde, for she will seem, to have 
gone back from z to y; her path will 
appear retrograde till she gets to c, 
when she will again appear station- 
ary, and afterwards from c to d, and 
from dto e it will be direct among the 
fixed stars. 

Charks. When is Venus aft even- 
ing, and when a morning star? '.- 

Tutor. She is an evening star all 
the while she appears east of the sun, 
and a morning star while she is seen 
west bf him: 

Next Venus to the westward of the sun 
Full orb'd her face, a golden plain ©f light 
Circles her larger round. Fair morning star 
That leads on dawning day to yonder world 
The seat of Man. 

Mali/et*s Excursion. 
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When she is at a she will be invisible, 
her dark side being towards us, unless 
she be exactly in the node, in which 
case she will pass over the sun s face 
like a little black spot. 

James. Is that called the transit of 
Venus? 

Tutor. It is; and it happens twke 
only in about 120 years. By this 
phenomenon astronomers have been 
enabled to ascertain with great accu<- 
racy the distance of the earth from 
the sun; and having obtained this, 
the distances of the other planets are 
easily found. By the two transits 
which happened in 1761, and I76& 
it was clearly demonstrated, that the 
mean distance of the earth from the 
snn was between 95 and 96 millions 
Of miles* 

Charles. How do you find the 
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distances of the other planets from 
the sun, by knowing that of the 
earth*? 

Tutor. I will endeavour to make 1 
this plain to you. Kepler, a great 
astronomer, discovered that all the 
planets are subject to one general 
law, which is, that the squares of 
their periodical times, are proportional 
to the cubes of their distancesfrom the 
sun. 

James. What do you mean by the< 
periodical times? 

Tutor. I mean the times tohich 

the planets take in revolving round 

■ <# 
4 * The remainder of this conversation may 

be .omitted by those young persons who are 
not ready in arithmetical operations. The au- 
thor, however, knows from experience, that 
children may, at a very early age, be brought" 
te understand 'these higher parts of arithmetic. 
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the sun ; thus the periodical time of 
the earth is 365% days; thai of 
Venus 224^ days; that of Mercury 
88 days. r i / ., . . -. .■ 

Charles. How then would you find 
the distance of Mercury from the 
sun? 

Tutor. By the rule of three: I 
would say as the square of 365 days 
(the time which the earth' takes in 
revolving about the sun) is to the 
square of 88 days (the time in which 
Mercury revolves about the sun), so 
is the cube of 95 millions (the di- 
stance in miles of the earth from the 
sun) to a fourth number. 

James, And is that fourth num- 
ber the distance in miles of Mercury 
from the sun? 

Tutor. No: you must extract 
the cube root of that number, 

vol. ir. t 
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and then yoa will have about 37 nift- 
lions of miles for the answer, which is 
the true distance at which Met cory 
revolves about the sun* 
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CONVERSATION XX. 



Of Mars. 

TUTOR. Next to Venus is the 
earth tad her satellite the moon, but 
of these sufficient notice has already 
been taken, and therefore we shalfc 
pass on to the planet Mars, which is 
known in the heavens by a dusky 
red appearance. Mars, together, wkh 
Jupiter, Saturn, and the Herschel are 
called superior planets, because the 
orbit of the earth is enclosed by their 
orbits. 

Charles. At what distance is Alars 
from the sua? 

T2 
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Tutor. About 144 millions of 
miles; the length of his year is equal 
to 687 of our days, and therefore 
he travels at the rate of more than 
53 thousand miles in an hour: his 
diurnal rotation on his axis is per- 
formed in 24 hours apd 39 minutes, 
which makes his figure that of aa 
Dblate spheroid. - 

. James. How is the diurnal mo- 
tion of this planet discovered? 
4 Tutor. By means of a very large 
spot- which is seen distinctly on his 
face, when he is in that part of his 
orbit which is opposite to the sun and 
earth. 

Charles. Is Mars as large as the 
earth? 

Tutor. No: his diameter is only 
4189 miles in length, which is but 
little more than half the length of 
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the earth's diameter. And owing to 
his distance from the sun he will not 
enjoy one half of the light and heat 
which we enjoy. 

Junes. And yet, I believe, he has 
not the benefit of a moon. 

Tutor. No moon has ever been 
discovered belonging either to Mer- 
cury, Venus, or Mars. 

Chflrhs. Do the superior planets 
exhibit similar appearances of direct 
and retrograde motion to those of the 
inferior planets? 

Tutor. They dp: suppose s (Plate 
iv- Fig. 18.) the sun; *, b, d,f, g y 
h, the earth, in different parts of its 
orbit, and m Mars in his orbit. 
When the earth is at a> Mars will 
appear among the fixed stars at ,v: 
when by its annual motion the earth 
lias arrived at b } d, and,/ respectively, 
T3 
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the planet Mars will appear in the 
heavens at y, z, and ro: when the 
earth has advanced to g> Mars will 
appear stationary at o: to the earth 
in its journey from g to h the planet 
will seem to go backwards or retro- 
grade in the heavens from o to z 9 and 
this retrograde motion will be appa- 
rent till the earth has arrived at a % 
when the planet will again appear 
stationary. 

James** I perceive that Mars is 
retrograde when in opposition, and 
the same is, I suppose, applicable to 
the other superior planets; but the 
retrograde motion of Mercury and 
Venus is when those planets are 
in conjunction. 

Tutor. You are right: and you 
see the reason, I dare say, why the 
superior planets may be in the west 
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in the morning when the sun rises 
in the east, and the reverse. 

Charles. For when the earth is« 
at d y Mars may be at n f in which 
case the earth is between the sua 
and the planet: I observe also that 
the planet Mars, 'and consequently 
the other superior planets, are much 
nearer the earth at one time than at 
others. 

Tutor. The difference with respect 
to Mars is no less than 190 millions 
of miles, the whole length of the 
orbit of the earth. This will be a 
proper time to explain what is meant 
by the Heliocentric longitude of the 
planets referred to in the Ephemeris. 

James. Yes, I remember you pro- 
mised to explain this when you came 
to speak of the planets; I do not 
know the meaning of the word he- 
liocentric. 
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. Tutor. It is a term used to ex- 
press the place of any heavenly body 
a# seen from the sun; whereas the 
geocentric place of a planet, is the 
position which it has when seen from 
the earth, 

Charles. Will you show us by a 
figure in what this difference con- 
sists? 

Tutor. I will: let s (Plate iv. 
Fig. 19-) represent the place of the 
sun, b Venus in its orbit, a the earth 
in here, and c Mars in his orbit, and 
the outermost circle will represent the 
sphere of fixed stars. Now to a 
spectator on the earth a, Venus will 
appear among the fixed stars in the 
beginning of Scorpio, but as viewed 
from the sun, she will be seen beyond 
the middle of Leo. Therefore the 
Geocentric longitude of Venus will 
be in Scorpio, but her Heliocentric 
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longitude will be in Leo. Again, 
to a spectator at a, the planet Mars 
at c, will appear among the fixed 
stars, towards the end of the sign of 
Pisces; but as viewed from the sun 
he will be seen at the beginning 
of the sign Aries : consequently the 
geocentric longitude of Mars is in 
Pisces ; but his heliocentric longitude 
^s in Aries, 
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CONVERSATION XXL 



Of Jupiter. 

TUTOR. We now come to Ju- 
piter, the largest of all the planets, 
which is easily known by his peculiar 
magnitude and brilliancy. 

Charles. Is Jupiter larger than 
Venus ? 

Tutor. Though he does not ap- 
pear so large, yet the magnitude 
of Venus bears but a very small 
proportion to that of Jupiter, whose 
diameter is 90,000 miles in length, 
consequently his bulk will exceed 
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the bulk of Venus 1500 tinier: his 
distance from the sun is estimated at 
mope than 490 millions of miles. 

James. Then be is Jim times 
farther from the sun, than the 
earth, and consequently, as light 
and heat diminish in the same pro- 
portion as the squares of the di- 
stances from the illuminating body 
increase, the inhabitants of Jupiter 
enjoy but a twenty-fifth part of the 
light and beat of the sun that we 
enjoy. 

Tutor. Another * thing remark- 
able in this planet is, that it re- 
volves on its axis, which is perpen* 
dicular to its orbit, in 10 hours, 
and in consequence of this swift di- 
urnal rotation, his equatorial di- 
ameter is 6000 miles greater than 
his polar diameter. 
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Charles. Since then a variety in 
the seasons of a planet depends upon 
the inclination of the axis to its or- 
bit, and since the axis of Jupiter has 
no inclination, there can be no* 
difference in his seasons, nor any 
in the length pf his days and 
nights. 

Tutor. You are right, his days 
and nights are always five hours 
each in length ; and at his equator, 
and its neighbourhood, there is per- 
petual summer; and an everlasting 
winter in the polar regions. 

James. What is the length of his 
years?' 

Tutor. It is equal to nearly 12 
of ours, for he takes 12 years, 314 
days, and 10 hours, to make a revo- > 
lotion round the sun, conseqiiently 



-he /travel* at the rate <of mace ihan 
AfePOP nwte»4a an.fcopr. , 

wijfh /owr eR^pJlites whiph ^vpl^ 

about him ^.4i(Ssmot^timfi^ #pfi 

j^i 4#fecwfc jgecio^io^l timps, the 

jjfatf Hi^Wpt 4 • (fry *«d .15 houra: 

jtMtii-fa -7 d$ys i3' hpurs: ^yi j&p 

/UflBfojid tbe r s^re ;o£ J&rHn distant jskicjs, # 
^Revolves the mighty magnitude of Jove 

With kingly state, the rival of the sua. 

Aboiftt him rotnt&ftkr yftanebtry hewts ■ 
*§*pear$h \ft&> wondetf alil^btibngibetaUL 
iVldan>at)OTQm«ffl, W&^ir j*ttfwd#ntstdfW*» 

iChftrlef. .And #i;e these rsatel- 
ikes, 4ite .qur 'ttjwn, sutygct ta be 
eclipsed? 

VOL. II. v • 
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Tutor. They are; and their 
eclipsfes are of considerable import- 
ance to astronomers, in ascertaining 
with accuracy the longitude of dif- 
ferent places on the earth. 

By means of the eclipses of Ju- 
piter's satellites, a method has been 
also obtained of demonstrating that 
the motion of light is progressive, 
and not instantaneous, as was once 
supposed. Hence it is found, that 
the velocity of light is nearly 1 1,000 
times greater than the velocity of 
the earth in its orbit, and more 
than a million of times greater 
than that of a ball issuing from a 
cannon. This- discovery is alluded 
to by the last mentioned poet: 
speaking tif an observer of the 
eclipses and Jupiter's satellites, fee 
says, 
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By these qbserv'd, the rapid progress Jinds. 
Of light itself; how swift the headlong ray 
Shoots from the sun's height through ua* 

bounded apace. 
At once enlight'nmgair, and earth, and heaven. 

Rays of light come from the sun to 
the earth in 8 minutes, that is at the 
rate of 13 millions of miles in a mi* 
ttute nearly. 



u* 
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OfStfwrti. • 

TirrOR. We arc now arrived at 
Saturn in our descriptions, which, 
till within these twenty years, was 
esteemed the most remote planet of 
the solar system, 

Charles. How is he distinguished 
in the heavens? 

Tutor. He shines with a pale 
dead light, very unlike the brilliant 
Jupiter, yet his magnitude seems to 
vie with that of Jupiter himself. 
The diameter of Saturn is nearly 80 
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thousand miles in length: his di- 
stance from the sun is more than 900 
millions of miles, and he performs his 
journey round that luminary in a 
little less than 30 of our years, con- 
sequently he must travel at a rate 
not much short of 21,000 miles an 
hour. 

James, His great distance from 
the sun must raider an abode on 
Saturn extremely cold and dark too, 
in comparison of what we experience 
here. 

Tutor. His distance from the sun 
being between 9 and 10 times greater 
than that of the earth, he must enjoy 
about 90 times less light and heat;' it 
has nevertheless been calculated that 
the light of the sun. at Saturn is 500 
times greater than that we enjx>y from 
our full moon. 

u3 
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Chatles. The day-light at Saturn, 
then, cannot be very contemptible : 
1 Should hardly have thought that 
the light 6f the sun here was £06 
times 'greater than that experienced 
from a full mo6n. 

Tutor. So much greater fe" oar 
meridian light than this, that during 
the sun's absence behind a Cl60d 4 
tvhen the light is much less strong 
than when we behold him in all his 
glorious splendour, it is reckoned that 
our day-light is N 9O,OQ0 times greater 
than the light of thte moon at its 
fall. * ' 

Joints, But Saturn has several 
fnoons, I believe? 

Tutor. He is attended hf/iettn 
btelfites bt motins, Whtifsd periodical 
timete difter very tntrch; tte tflfc 
nearest to him performs fc tfcvOiiti&tt 



found the primary planet in 2g hours 
and a half ; and that which is most 
demote takeis 79 days a&d 7 hours 
for his nknit&ty journey; this last 
satellite Is known to turn on its axis, 
and in its Fetation is subject to the 
same law which our moon obeys, 
tfiat is, it revolves on its axis m the 
same time in which it revolves about 
the planet. 

Besides the seven moons, Saturn 
is encompassed wkh two fenoad rings 
which are probably of considerable 
importance in reflecting the Kght of 
the sun .to that planejt^ the breadth 
of the iftnpr ring is 2(\000 miles, 
that of the outer ring 7200 miles, 
and the vacant space between the 
two rings is 2839 tnftes. Those 
rings give Saturn a. very . different 
ftppeaftbee to any of the $ther pla* 
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nets, Plate iv. Fig. 20, is a repre-. 
sentation of Saturn as seen through 
a good telescope. On the supposi- 
tion that Saturn was the roost remote 
planet of our system, he is thus de- 
scribed by Mallet in his Excursion ; * 

last, outmost Saturn walks his frontier round 
The boundary of worlds, with his pale moons, 
Faint glimmering through the gloom which 

night has thrown 
Deep-dyed and dead o'er this chill globe forlorn : 
An endless desert, where extreme of cold 
Eternal sits, as in his native seat, 
On wintry hills of never-thawing ice. 
Such Saturn 's earth ; and even here the sight 
Amid these doleful scenes, new matter finds 
Of wonder and delight! a mighty ring! 

Charles. Is it known whether Sa- 
turn turns on its axis ? 

Tutor. According to Dr. Herschel 
it has a rotation about its axis in 12 



hours 13j minutes: this he com- 
puted from the equatorial diameter 
being longer than 1 the polar diameter 
in the proportion, of 11 to 10. Dr. 
Herschel has also discovered that the 
ring, jast mentioned, revohes about 
the planet in JO hours apd a half. 
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CONVERSATION XXIII. 



Of the Herschel Planet. 

TUTOR. We have but one other 
planet to describe, that is the Her- 
schel? 

James. Wes it discovered by Dr. 
Herschel? 

• Tutor. It was, on the 13th of 
March, 1781, and therefore by astro* 
nomers in general it is denominated 
the Herschel planet: though by the 
Doctor himself it was named the 
Georgium Sidus, or Georgian Star, 
in honour of his present majesty 
George the Third, who has for many 
years been a liberal patron to this 
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great and most indefatigable astro- 
nomer. 

Chartes. I do not think that I have 
ever seen this planet. 

Tutor. Its apparent diameter is 
too small to be discerned readily by 
the naked eye, but it may be easily 
discovered in a clear night, when it 
is above the horizon, by means of a 
good telescope, its situation being 
previously known from the Ephe- 
meris. 

James. Is, it owing to the small- 
ness of this planet, or to its great 
distance from the sun, that we cannot 
see it with the naked eye ? v 

Tutor. Both these causes are 
combined : in comparison of Jupiter 
and Saturn it is small, his diameter 
being less than 35 thousand- miles in 
length; and his distance from the 



sua is estimated a£ japre tktfL4&U0 
millions of miles from that luajioar^ 
Around which, hwe W,y he^p^rforms 
his journey in 88 of Aj>xp ryeas?, .con- 
^equ9B%fhe au*rt tyavelrat4ke trate 
•of 4 $0Q6 riwAe&^aJig^r,,. p 

Gharks. But if jthis ^pUnet has 
been discovered <onl# g2 je^x?, haw is 
it -kaowa that it .will CQUiptete its 
rewiutien in S2 years,? 

Tktor. : By a loqg .series. of obser- 
vations it was found to move withrsuch 
A velocity, ,*s -would *c^if y .it round 
ti^vheavei^iathat^ripd.* i^l^eover, 
'when it was ftrst.discof^xec}, it wasrin 
Gemini; and in ^U^gast, j1$03,. it had 
^advanced -to the .1 1° of iLibca, jroore 
*b&&«a. fourthpart af its^oumey; #od 
•<newiih June, 1800, it if in tbe*th xtf 
.Sowipi^.; 

Jcmj^r Bow maryronoons !}&s the 
Herschel? 
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Tutor. He is attended by six sa- 
tellites or moons, of which, the one 
nearest to the planet performs his re- 
volution round the /primary in 5 days 
and 23 hours, but that which is the 
most remote from him takes 107 days 
and 16 hours for his journey. 

Charles. Is there any idea formed 
as to the light and heat enjoyed by 
thfe placet? 

Ttitdr. His distance "from the sun 
is V9 thttes greater ihan that of *he 
teatth, Consequently sittcte £he square 
<tf 19 is l S6\, the R£tit and heat expe- 
rienced by the inimbttants of thaft 
planet must be S6l times teas than we 
derive from the rays of the sun. 

The proportion of light ehjoyecl1)y 
tlie Herschel has been estimated at 
about equal to the effect of £49 of 
our full moons. 

vol. it. x 
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CONVERSATION XXIV. 



Of Comets. 

TUTOR. Besides the seven pri- 
mary planets, and the eighteen se- 
condary ones or satellites, which we 
have been describing, there are other 
.bodies belonging to the solar system, 
called comets, to which Thomson in 
his Summer beautifully alludes : 



-Amid the radiant orbs 



That more than deck, that animate the sky, 
The life-infusing suns of other worlds ; 
Lo! from the dread immensity of space 
Returning with accelerated course 
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The rofhing comet to the sun descends, 
Jtad as he sinks below the shading earth, 
With awful train projected o'er the heavens, 
The guilty nations tremble. 

Summer, line iro&. 



Ckarfcs. Do: comets resemble the 
planets in any respects ? 

Tutor. like them they are sup- 
posed to revolve about the sun in 
elliptical orbits, and to describe equal 
areas: in equal times; but they do 
not appear to be adapted for the ha- 
bitation of animated beings, owing 
to the great degrees of heat and cold 
to which* in their course, they must 
be subjected. 

The comet seen by Sir Isaac New- 
tea, in the year 1680> was observed 
to approach so near the sun, that its 
heat was estimated by that great 
x2 



man, to be 200& times- greater than 

that of red-hot iron. , 

James. It must have been % 
Wry SpJid ho(Jy to have endured 
such a heat without being entirely 
dissipated. 

Tutor. So indeed it should seem: 
and a body thus heated must retain 
its heat a long time • for a red-hot 
globe of iron, of a single inch ia 
diameter, exposed ta the opei* air* 
will scarcely lose all its heat in an 
hour ; and it is said, that a globe of 
red-hot iron, as large as our earth, 
would scarcely cool ia 50,008 years* 
See Enfield's Institutes of Nat PbiL 
p. 296. gd edit. 

Charks* Are the periodical times 
of the comets known? 

Tutor, Not with any degree of 
certainty; it was supposed. that the 
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periods of three of them had been 
distinctly ascertained. The Jirst of 
these appeared in the years 1531, 
1607, and 1682, and it was expected 
to return every 75th year ; and one 
which, as had been predicted by Dr, 
Halley, appeared in 1758 which was 
supposed to be the same. 

The second of them appeared in 
1532, and 1661, and it was expected 
that it would again make its ap- 
pearance in 1789, but in this the 
astronomers of the present day have 
been disappointed. 

The third was that which ap- 
peared in 1680, and its period being 
estimated at 575 years, cannot^ upon 
that, supposition, return until the 
year 2255. This lest comet at its 
greatest distance is eleven thousand 
two hundred millions of miles from 
x3 



fM AITIOSOMT. 

the sun, and its ka*t distance from the 
sun's centre was but four hundred aad 
ninety thousand miles ; in thi} part of 
its orbit it travelled at the oaft of 
860,000 nriles in an hour. 

Jams. Do all bodies move faster 
or slower in proportion qs they tae 
nearer to, or more distant from their 
centre of motion } 

Tutpr. They do, for if you look 
k*ck upon the last six or seven lec- 
tures, you will see that the Heraehd, 
which is /the most demote plaact in 
the solar system, travel qt the rafte 
of 16,000 miles an hour; Saturn 
the next nearer in the order 21,000 
■ulfs; Jupiter SSyOQO miles; Mars 
£3,000 miles; th* eartf) £5,000 
miles; Venus 75,000 miles; &*& 
Mercury at the rale «f 105,000 mitaji 
in ant l*>m, But here we come to a 



comet whose progressive rjpotioa in 
that part of its* orbit Which is nearest 
tp the sun/is mote than eiqfual to eight 
times the velocity of Mercury. ' 

]y cbeadtei, aa a^&ri protfgjra iateDC*- 
ed toatermtto worki? 

Tutor.' Comets are frequently ac- 
companied . with a luminous train 
called the tail, which is supposed to 
be nothing more than vapour rising 
from the. body in a line opposite to 
the sun, but which, to uninformed 
people, has been a source of terror 
and dismay, and to this opinion many 
of our poets have alluded : 

. W here the train 



Of comets wander in eccentric ways 

With infinite excursion through th' immense 

Of ether, traversing from sky to sky 

Ten thousand regions, in theirwinding road 
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Whose length to trace imagination Cull; 
Various their paths- ■ 
While distant orbs with wonder and amaze 
Mark their approach, and night by night 

alarm'd 
Their dreaded progress watch, as of a foe 
Whose march is ever ratal, in whose train 
Famine and war, and desolating plague, 
£ach on his pale horse rides, the ministers 
Of angry Heaven to scourge offending worlds! 
Mallet's Excursion. 



°f-wfc?*w* m 



•CWflWAdra * X Y* 

l J i: •' '.- . " • : i : 



Qptfa 8kn.:' 

yjTOR.. ftivj^ ggg you a 
]&&&&& d^cripUoqi Qj£ the pl,aflets r 
^•hj.cyev^lv^^p^t .$e §!Hfc.a#d al^» 
p( th$ 5,#e$Jes- rchich. ty-a&el roi^nd 
the primarv p^nei^ as certj^l, bo$tigs A 
Tyhjle $qj; '.aje cajsied, at %. $*¥»«, 
time with these bodies roun4 thg ^ur^ 
we $haU conclude Qur a,«jsoujjt of the 
solar systeaj. ty tafcin§ so$e rjogcp' of 
the^up hji»sejf,, 

Informer of the planetary train, 
Without whope quiek'ning gknc* their cum- 
brous ocfas - . 
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Were brute unlovely mass, inert and dead, 
And not, as now, the green abodes of life. 

Thomson's Autumn, line 1086. 

James. You told us a few days 
ago, that the sun has a rotation on its 
axis, how is that known? 

Tutor. By the spots on his surface 
it is known that lie completes a re- 
volution from west to east on his axis 
in about 25 days, two days less than 
his apparent revolution, in conse- 
quence of the earth's motion in her 
orbit, in the same direction. 

Charles. Is the figure of the sun 
globular? 

Tutor. No^ the motion about its 
axis renders it spheroidical, having its 
diameter at the equator longer than 
that which passes through the poles. - 

The sun's diameter is equal to 100 
diameters qf the earth, and therefore 
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Iiis bulk must be a million of times 
greater than that of the earth, but 
the density of the matter of which it 
is composed is four times less than 
the density of our globe* 

We have already seen 'that by th$ 
attraction of the sun, the planets are 
retained in their orbits, and that to 
him they are indebted for light, heat 
and motion : 

Fairest of Beings [ first created light ^ 
Prime cause of beauty ! fo? from, thee alone* 
The sparkling gem, the vegetable race, 
The nobler worlds that live and breathe their 

charms, 
The lovely hues peculiar to each tribe, 
From thy unfailing source of splendour draw! 
In thy pure shine, with transport I survey / 
This firmament, and these her rolling worlds 
Their magnitudes and motions.— 

Mallets Excursion. 



^46 JufRbtfb$& 



dONVSRSAttOS &XVL 



ty the Fixed Stan. 

TUTOk. We will ttd\v put ah 
end to our astronomical c6ttV6i*sa- 
tions by referring again to the fixed 
stars, which like our sun shine by 
their own light* 

Okarks. fs it then eartAln H&t 
the fixed stars are of themselves lu- 
. minods 'bodies ; and that the planets 
borrow their light from the sun ? 

Tutor. By the help of telescopes 
it is known that Mertany, Venus, 
fetid $ftrs*shfete by a borrowed light, 
for like the moon, they are observed 
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tb hatfe d&e^t^h'aSes acebfdirik'tte 
they We dffieieriHly sittitfteil With 're- 
gard Id 'llie srfn. %e IttiMeftSb o*i- 
s'tatices df Jupiter, fckttim, and y 6ie 
HferSfchel 'tfmt, tib ndt allofr' the' dif- 
ference bfet^eett the jJeffect arid ihi- 
perfect ittnnnna^ibh of their discs Or 
phases to be pisrcVp'tibie. 

NW the distance oftiie fixed stars 
^from the earth is so great, ' ttiat re- 
jected light WOuld Be Wach too ttCdk 
e"ver to reach the 'eye of 'an observer 
here. 

^^c*. Is this distance ascertairied 
ti'ith any degree' of jpt'e'dlstom ? 

Tutor. 5t is not : but it is knoWn 
With certainty to be'sb great, that the 
Nftible letigtti 'of the earth's orlrtt, viz. 
* 190 tnfifioh 'of toiles, is but a point 
in ctialparifcOh of it ; 'arid Kence it is 
inferred that the distance 6f the j 
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nearest fixed star cannot be less than , 
a hundred thousand times the length 
of the earth's orbit*; that is, a hun- 
dred thousand times 190 millions of 
miles, or 19,000,000,000,000 miles: 
this distance being immensely great, 
the best method of forming some clear 
conception of it, is' to compare it with 
the velocity of some moving body, by 
which it may be measured. The 
swiftest motion with which we are ac- 
quainted is that of light, which, as we 
have seen, is at the rate of 12 millions 
of miles in a minute : and yet light 
would be about 3 years in passing from 
the nearest fixed star to the earth. 

A cannon-ball which may be made 
to move at the rate of 20 miles in a mi* 
-nute, would be 1800 thousand years 

* See Dr. Enfield's Institutes of Natural 
Philosophy, p. 347. Second Edition, 17 99* 
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in traversing the distance. Sound, 
the velocity of which is 13 miles in a 
minute, would be more than 2 mil- 
lion 7 hundred thousand years in 
passing from the star to the earth. So 
that if it were possible for the inha- 
bitants of the earth, to* see the light; 
—to hear the sound ;— -and to receive 
the ball of a tannon discharged at the 
nearest fixed star; they would not 
perceive the light of its explosion for 
3 years after it had been fired ; nor 
receive the ball till 1800 thousand 
years had elapsed; nor hear the 
report for 2 millions and 7 hundred 
thousand years after the explosion. 

Charles. Are the fixed stars at 
different distances from the earth ? 

Tutor. Their magnitudes, as you 
know, appear to be different from 
one another, which difference may 
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ajri$e either fropi a diversity in their 
rea^l, iprajitufle;, or in r ttyeir distances* 
op fpjn bpih^^e c^u^s, acting c f Qa r 
j[oin% fy fe fy$ qpiyiof) 9f f Pr r l]evr 
^obel tbpJt tfo d^ffprepj; f«|^ m^ 
nitucje^ of. ths Sters. a^ frpift thfl 
different diateqpes, $t wjfjch they, ar^ 
situated, ap^ thersfprp ^ coxites 
ttotstajraof thff several) njagiutfi^ 
are af §^ven tim?8 tb& disjppcp froij^ v$ 
ttrat tjbo^ pf tfce.fast ipo^tuds ar^ 

]By the a§Matanjce ojp bis telpjsspp^ 
hp ia a^lQ to discover st#rs $t 4<?7 
jtirpesi the disjpnce. of A$i>iwf the Dpg- 
$tair: foom- which he infers, tjh^t ^ith 
more powerful ipatr ujnejjLts he sjho.ul^l 
Ue ahle to discover sta« at ^tili oye^ter 
distanjces^ 

Jgtpes. I recipjle^ct that you told 
u$ oncj?, that it hpd lpeen *uppo§ed by 
soipe ajstrftn^ipejr^ that th£r$ might 
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be fixed stars at so great a distance 
from us, that the rays of their light 
had not yet reached the earth, though 
they had been travelling at the rate 
of 12 millions of miles in a minute, 
from the first creation to the present 
time/ 

Tutor. I did ; it was one of the 
sublime speculations of the cele- 
brated Huygens. Dr. Halley has 
also advanced what, he says, seems 
to be a metaphysical paradox, viz, 
that the number of fixed stars must 
be more than finite, and some of 
them at a greater than a finite di- 
stance from others ; and Mr. Addison 
has justly observed, that this thought 
is far from being extravagant, when 
we consider that the universe is the 
work of infinite power, promoted by 
infinite goodness, and having an in- 
Y3 



«4« isjawoM*. > 

•fi/Wto HW« *« P^prt &*# ip; 99 ^ 
our iiflagin^oa q^a $gt pg bc»#ifte ty 

it. 

JJpip d&ant fpi$e of ty*ypcfurBal sunj I 
Sq distant, says the sage;, 'twere opt absurd 
To doubt, if beams se{ out at Nature's birth, 
Are yet arriv'd at this so foreign world; 
Though nothing iialf so rapid as their flight 

ypy NG - 

Cfiarkjs. Wl\$ c$n be the y$p of 
thssc £*jeq| s^P—jjpt to pnligfoftp 
ihp e»rtj> ? for $ sig$g atf4itjwfti n#W 
WQul4 give ifs giijpU r^qre light fhgp 
theoi pjl, especially if it ty^re gp pqqr 
triced as to $ffor4 MS ifs ftssif^xuee $t 
tfyo&e intervals wjiep piy jprgserjt (flqpp 
is below the ^jzop. 

7(rff> r * Y 01} af e rjght : theycoy^ 

pqt ,hav,e t)Q$p xye^ted f<?r ojur ^, 

: $iijK# thoMSftr^d^ ,arjd pv^ • i»$iqr$, 

^re sever s?ea Jb^t Jby^ft^i$aD|9p qf 

-^es, .0 ylji$ frut % 5jf aty j^p 
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' i 

h^vQ access. Your i^incls indeed are 
\of> enlightened to jmaginp, ljk§ child- 
ren unajCcus^omed to reflpctjqn, thaj; 
ail things w k efe created for the enjoy- 
ing nj; of man. Th^ earth on which 

, we live! is but one of seven primary 
pjanetej c\rcj|lating perpetually round 

, the sijp q$ $> <?entf?, and with tfrese 
are ccmaec):e^ eighteen secondary 
planets or moons, all of which are 

\R r 9J#Wjf t^r^ing with living beings 
c&petl?le, thpqgh in different ways, of 
-PPJoyipg $£, bqunti^s of tjie grq^t 
FirsJ C^us^. 

Jhp fi$£$ ^ars then $re pp^ly 
suns, which, like our sun, s.ervf * tp 

r ppligtyt£p, ?yai;ra, find sustain other 
sy£teip$ gf pl^nejts $id thpir clepend- 

/tfjpftSL Would our su,n appear as 
a %4 £tar %t ajpy gre^t cfejancj; ? 
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Tutor, It certainly would : and Dr. 
Herschel thinks there is no doubt, 
but that it is one of the heavenly 
bodies belonging to that tract of the 
heavens known by the name of the 
MUty Way. 

Charles, I know the milky way 
in the heavens, but I little thought 
that I had any concern with it other- 
wise than as an observer. 

Tutor. The milky way consists of 
fixed stars, too small to be discerned 
with the naked eye ; and if our sun 
be one of them, the earth and other 
Plants ar$ closely connected with 
this part of the heavens. 

But, Genttemep> it is time that we 
take our leave of this subject for the 
present. Jbr your attention to those 
instructions which, on this and other 
topics, I have been able to commn- 
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qiqats, accept njy b#>t th^Jp* For 
your, fcti^e we}l%<} ^jd happiness*, 
ipy hp art. i? deeply njter^tgd. You 
i$U- njp^ I %tjter myself, very soon 
fofg^lt th£.t connexion which has sub- 
sisted between us for a long course of 
ye^rs, Froip nqy mind the remem- 
bjfatyc^. qp yoyj kinjjflpss can never 
b,e obliterated . Permit roe, tben, as 
a testimony of my gratitude an,<J sin- 
cere affection, to recommend to your 
future attention -the works, of nature 
and creation, by a carefoL investiga- 
tion of whicH you will necessarily be 
led tq the contemplation ajid love of 
the God of Nature. T 

Yqw. knowledge, young as you yet 
are, of the fundamental principles of 
Gepwgtry ar ?4 Algebra, is such as 
to render scientific pursuits easy and 
pleasant And your, understandings 
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are not more capable of entering into 
the sublime speculations of science, 
than your hearts are adapted to re- 
ceive and cherish those impressions 
of gratitude, which are the natural 
consequences of enlarged and com* 
prehensive views of the being and 
perfections of the Deity. In all your r 
studies and pursuits, then, never for* 
get, that 



— — •■ * y oatannot go 

Where Universal Love not smiles around, 
Sustaining all yon orbs, and all their sons ; 
From seeming evil still educing good, 
And better thence again, and better still, 
In infinite progression. 

Thomioy. 
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